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A B ST R A C T
The in v e s t ig a t io n s  w ere  u n d ertak en  to stu d y  the c u ltu ra l and  
m o r p h o lo g ic a l c h a r a c te r s , p a th o g en ic ity  and c e r ta in  o th er  b e h a v io r s  
o f so m e  ty p ic a l lig h t and dark is o la t e s  o f P h y sa lo sp o r a  tu cu m a n e n s is  
S p eg . (C o lie to tr ic h u m  fa lc a tu m  W ent), the o r g a n ism  r e s p o n s ib le  for  
r e d -r o t ,  a m a jo r  d is e a s e  of su g a r c a n e .
In a l l ,  th ree  lig h t  and th ree  dark  is o la te s  w ere  s e le c t e d  for  
the stu d y .
G row th  s tu d ie s  of the is o la t e s  on f iv e  d iffe re n t m ed ia  did not 
sh ow  any a p p re c ia b le  d if fe r e n c e s  b e tw een  the lig h t and dark r a c e s  
e ith e r  in  ra te  or am ou nt of grow th .
A ll the lig h t  i s o la te s  g r ew  b e tte r  on a c id  m e d ia . The dark  
i s o la t e s  g r ew  b e tte r  on a lk a lin e  m e d ia .
The dark i s o la t e s  s tu d ied  g r e w  b e tte r  on g lu c o se  and la c to s e  
m e d ia  than d id  the lig h t  i s o la t e s .  T h ey  a ls o  sh o w ed  a m a rk ed  d if fe r e n c e  
fr o m  the lig h t  type in  th e ir  u se  o f n itro g e n  fr o m  a m m on iu m  s u lfa te .
A ll the lig h t  i s o la t e s  g r e w  s lo w e r  than the dark  on es a t h ig h er  
te m p e r a tu r e s  su ch  as  3 3 °  C and a b o v e , but fa s te r  a t lo w e r  te m p e r a tu r e s ,  
su c h  a s  2 0 °  C and b e lo w .
The th e r m a l d eath  poin t of co n id ia  o f a dark  and a l ig h t  is o la te  
s tu d ied  w as the s a m e . F o r  e x p o su r e  p e r io d s  o f fiv e  m in u te s , i t  w as  
5 2 °  C .
ix
W hite lig h t and d a r k n ess  w ere  found to  be the b e s t  for  grow th  
of one lig h t  and one dark  is o la te s  te s te d .
The lig h t  i s o la t e s  s tu d ied  w ere  u n ifo r m ly  h ig h er  sp o ru la tin g  
than th e dark is o la t e s  under any lig h t.
In a stu d y  o f one lig h t and one dark  is o la t e ,  the s p o r e s  o f both  
th e is o la t e s  sh ow ed  an a p p a ren tly  co n sta n t p er  cen t o f  k illin g  b y  u l t r a ­
v io le t  ra d ia tio n  fro m  15 W, 110 V, G. E . g e r m ic id a l  la m p  m ou n ted  20 
in c h e s  fr o m  the r a d ia tio n  s i t e .  The s p o r e s  of the lig h t  type w ere  found  
to  be so m ew h a t m o re  r e s is ta n t  to  ra d ia tio n  than th o se  of the dark ty p e .
The s p o r e s  of the lig h t  is o la te  w ere  found to m u tate  to  dark  
c o lo n ie s  a fter  ra d ia tio n  w ith  u ltr a v io le t  r a y s .  The h ig h e s t  n u m b er o f  
su c h  c o lo n ie s  p ro d u ced  w as th ir te e n  per 100 su r v iv in g  s p o r e s  a t 240  
s e c o n d s  of e x p o su r e .
U ltr a v io le t  ra d ia tio n  of 120 to  240 s e c o n d s  in d u ced  sp o r u la tio n  
in  c o lo n ie s  o f the d ark  is o la te  w h ich  o r d in a r ily  sp o r u la te d  l e s s .
The tw o ty p e s  did  not sh ow  any d if fe r e n c e  w ith  r e g a r d  to  
g e r m in a tio n  o f s p o r e s  a t v a r io u s  r e la t iv e  h u m id itie s  p rod u ced  u sin g  
d if fe r e n t c o n c en tr a tio n s  of so d iu m  c h lo r id e . The h ig h es t  p e r ce n ta g e  
o f  g e r m in a tio n  w as o b ta in ed  at 100 per c en t r e la t iv e  h u m id ity .
The r e s u lt s  o b ta in ed  in  the stu d y  of the e f fe c t  of c e r ta in  e n ­
v ir o n m e n ta l fa c to r s  on the fo r m a tio n  o f p e r ith e c ia  did  not in d ica te  any  
a p p r e c ia b le  d if fe r e n c e  b e tw een  a lig h t  and a dark  is o la te  s tu d ied . The
h ig h e s t  n u m b er o f p e r ith e c ia  w as fo r m e d  w ith  dry le a f  b la d e s , s ix  m l.  
o f w a ter  p er  t e s t  tu b e, a range of te m p er a tu r e  fr o m  2 3 °  to  2 7 °  C and 
under w hite  lig h t  and d a r k n e ss .
A ll the i s o la t e s  un der stu d y  w e re  found to b r e e d  tr u e , that i s ,  
a d ark  is o la te  d e v e lo p ed  p e r ith e c ia  w h ich  co n ta in ed  a s c o s p o r e s  w hich  
g a v e  r i s e  to  d ark  is o la t e s  o n ly , and th e  lig h t i s o la t e s  p rod u ced  
a s c o s p o r e s  w h ich  gave  r is e  to  lig h t i s o la t e s  o n ly .
The is o la t e s  s tu d ied  su r v iv e d  lo n g e r  in  s t e r i l i z e d  s o i ls  than  
in  n o n - s t e r i l i z e d  s o i l s .  B o th  the lig h t  and dark  i s o la t e s  su r v iv e d  for  
28 w eek s  but not fo r  32 w e ek s  in  s t e r i l i z e d  s o i l s  w h ile  in  the n o n ­
s t e r i l i z e d  s o i l s ,  the lig h t  is o la te  s u r v iv e d  for 20 w eek s  but n ot for  
24 w eek s  and th e dark  is o la te  for  16 w eek s  but not fo r  20 w e e k s .
L o w er  m o is tu r e  le v e l s  of s o i l s  w ere  found to  be the m o s t  
fa v o r a b le  for  r e d - r o t  in fe c t io n . The lig h t  i s o la t e s  and the dark is o la t e s  
did  not sh o w  c o n s is t e n t  d if fe r e n c e s  in  the lo n g itu d in a l sp r e a d  of the 
d is e a s e  on a l l  v a r ie t ie s  o f su g a r ca n e  te s te d .
The p r e s e n c e  o f ra to o n  stu n tin g  v ir u s  in  su g a r ca n e  s ta lk s  w as  
found to  have no c o r r e la t io n  w ith  th e  in c id e n c e  of r e d -r o t  d is e a s e .
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INTRODUCTION
One of the m o s t  s e r io u s  d is e a s e s  of su g a r ca n e  is  r e d -r o t  
c a u sed  b y  P h y sa lo sp o r a  tu cu m a n en s is  S p eg . (C o lle to tr ic h u m  fa lc a tu m  
W ent). T hrough the y e a r s ,  i t  p layed  h a v o c  w ith th e su g a rca n e  cro p  in  
the U n ited  S ta tes  and e s p e c ia l ly  in  India and it r e s u lt e d  in a lm o s t  c o m ­
p lete  d ev a sta tio n  o f th ou san d s o f  a c re s  of m any c o m m e r c ia l  v a r ie t ie s .
In see k in g  the ca u se  o f the sudden  fa ilu re  o f  P . O. J. 213 in  
L o u is ia n a , a su r v e y  o f the r e d -r o t  f lo r a  w as u n d ertak en  in  1930. At 
the sa m e  t im e , a s im ila r  s u r v e y  was un dertak en  in  th e s iru p -p ro d u c in g  
s e c t io n  o f so u th ern  G eo rg ia  and  n orth ern  F lo r id a , s in c e  P . O. J. 213  
had b e e n  grow n th ere  a lm o s t  a s  long as in  L o u is ia n a  w ithout show ing  
any s ig n  o f r e d -r o t  in ju ry . C o lo n ie s  of th e is o la te s  ob ta in ed  fr o m  
G eo rg ia  w ere  s tr ik in g ly  d if fe r e n t in co lo r  and te x tu r e . The L o u is ia n a  
is o la te s  p rod u ced  a  tu r f  lig h t in  co lo r  and cottony in  te x tu r e , w h ile  the  
i s o la te s  fr o m  G e o rg ia  w ere  d a rk er  in c o lo r  and l e s s  co tton y  in  te x tu r e .  
T h ese  s u r v e y s  thus r e v e a le d  the p r e se n c e  of two m o r p h o lo g ic a lly  d if ­
fe r en t g ro u p s o f the fu n gu s, one lig h t and one dark , d if fe r e n tia te d  by  
the c o lo r  and te x tu re  o f the fungus c o lo n ie s  in v itr o .
A  v e r y  s im ila r  r e s u lt  w a s o b ta in ed  in  India in  look ing  for  the  
cau se  o f sudden fa ilu r e  o f C o. 213 during 1 9 3 8 -4 0 . It is  in te r e s t in g
2to note th a t p r io r  to  the fa ilu r e  o f C o . 213 in  In d ia , a l l  the i s o la t e s  o f  
P h y s a lo s p o r a  tu cu m a n e n s is  S p eg . w e r e , a s  ju d ged  b y  in fo rm a tio n  
a v a ila b le , o f  a d a rk er  type w ith  s p a r s e  sp o r u la tio n . It w as a ls o  found  
th a t the n e w  lig h t ty p e  w ith  abundant sp o r u la tio n  p red o m in a ted  in  the  
e p id em ic  a r e a s  and w as m u ch  m o r e  v ir u le n t  than th e o ld  dark  ty p e .
N u m e r o u s  s tu d ie s  h ave b e e n  m a d e , fr o m  tim e  to  t im e ,  on  
the c u ltu r a l and m o r p h o lo g ic a l c h a r a c te r s  of the fu n g u s, P h y sa lo s p o r a  
tu c u m a n e n s is  S p eg . and i t s  p a th o g e n ic ity . L itt le  e f fo r t , h o w e v e r , 
s e e m s  to h a v e  b een  d ir e c te d  to  a d e ta ile d  and c o m p a r a tiv e  in v e s t ig a ­
tio n  of the c u ltu r a l, m o r p h o lo g ic a l, and p a th o g en ic  c h a r a c te r s  of the  
two m o r p h o lo g ic a lly  d is t in c t  s t r a in s .  T he p r e s e n t  in v e s t ig a t io n s  w e r e ,  
u n d ertak en  to  ob ta in  a  b e tte r  u n d ersta n d in g  o f the p a r a s i t is m  and  
p h y s io lo g y  o f  som e ty p ic a l  lig h t  and d ark  i s o la t e s  of th e fu n g u s.
REIYEW  O F L IT E R A T U R E
R e d -r o t  of su g a r c a n e , one of the o ld e s t  and the m o s t  s e v e r e  
d is e a s e s  of su g a r c a n e , w as f ir s t  d e s c r ib e d  in  Java b y  W ent in  1893. 
He d e s c r ib e d  in  d e ta il the sy m p to m s o f the d is e a s e  and p ro v ed  the  
p a r a s it is m  of the o r g a n is m , G o lle to tr ic h u m  fa lc a tu m  W ent w h ich  
w as th e o n ly  nam e known fo r  m a n y  y e a r s ,  and i t  is  s t i l l  in  u s e .
The p e r fe c t  s ta g e  of C o lle to tr ic h u m  fa lc a tu m  W ent w as f ir s t  
p ro v ed  b y  C a rv a ja l (1943) to  be P h y sa lo s p o r a  tu cu m a n e n s is  S p eg . 
o r ig in a lly  d e s c r ib e d  b y  S p e g a z z in i in  1896. C a rv a ja l and E d g erto n  
(1 9 4 4 ) found the p e r ith e c ia  o f the fungus in  L o u is ia n a  (U . S . A . ) on a 
n u m b er  o f h o s ts  su ch  as  S a c c h a r u m  o ff ic in a ru m  L . , S . r o b u stu m , S. 
b a r b e r i J e s w e it ,  S . s in e n s e  R oxb . , _S. sp on tan eu m  L . and L ep to ch lo a  
f i l i f o r m is  (L a m . ) B ea u v .
The a s  c o s  p ore  s ta g e  w as found on the dead  and dry in g  le a v e s  
o f the a ffe c te d  c a n e s . P e r ith e c ia  w e re  co m m o n  on le a v e s  of young  
p lan ts w h ich  had b e e n  k il le d  b y  o v e r c r o w d in g .
W ithin a fe w  y e a r s  a fter  W ent's d e sc r ip t io n  o f the  
d is e a s e ,  it s  o c c u r r e n c e  w as r e p o r te d  in  th e m a jo r  su g a r ca n e  
p rod u cin g  c o u n tr ie s  o f the w o r ld . B u tle r  in  1906 r e p o r te d  
s e v e r e  l o s s e s  fr o m  it  in  Ind ia . He a s c r ib e d  m o s t  of the in fe c t io n  
o f g ro w in g  p la n ts  to  d ir e c t  m y c e l ia l  co n n e c tio n  b e tw e en  the s e e d
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4cu ttin g s and g ro w in g  c a n e s . H is  r e s u lt s  w e re  la te r  on c o n fir m e d  by  
K ulkaran i (1 9 1 1 ). A cco rd in g  to  E d g erto n  (1 9 1 0 ), it  c a u se d  a g r e a t  
d ea l of d e te r io r a t io n  o f s e e d  can e in L o u is ia n a  and G e o rg ia  in  1908.
He w a s , h o w e v e r , unable to  c o n fir m  B u t le r 's  fin d in g s in India c o n ­
cern in g  d ir e c t  m y c e l ia l  co n n ec tio n  b e tw een  the s e e d  cu ttin g s  and the 
g ro w in g  c a n e s . E d g er to n  and M o re la n d  (1920) th en  s u g g e s te d  that the  
d iv erg en t r e s u lt s  in  th is  r e s p e c t  m ig h t be due to  d if fe r e n c e s  in  the 
s tr a in s  of  C o lle to tr ic h u m  fa lc a tu m  W ent p r e se n t  in  the tw o c o u n tr ie s .  
South  and D unlop /A n on ym ou s (1 9 1 3 )J7 r e a c h e d  the sa m e c o n c lu s io n  as  
E d g erto n  and M orelan d .
B u tle r  and H afiz  Khan (1913) m ade a s e r ie s  o f s tu d ie s  and  
p ro v ed  th a t the fo r m s  o f th e fu n gu s, w h eth er  o c c u r r in g  on  th e  le a v e s  
or in  the s ta lk s ,  w e re  e q u a lly  p a r a s it ic  and id e n t ic a l.
R ecen t s tu d ie s  on the d is e a s e  had b e e n  la r g e ly  co n fin ed  to  the  
U nited  S ta te s  and India  w h ere  r ed -r o t i s  one o f the p r in c ip a l c a u s e s  of 
s e e d  d e te r io r a t io n . Its im p o rta n ce  as a  d is e a s e  o f su g a r ca n e  has b een  
r e c o g n iz e d  b y  a n u m ber of em in en t p lan t p a th o lo g is ts  l ik e  E d g er to n  
(1 9 1 0 , 1928), E d g er to n  and F lo r  (1928) and A bbott (1 9 3 1 , 1932 , 1935, 
1938).
A cco rd in g  to  A bbott (1 9 3 8 ), the e n v ir o n m e n ta l co n d itio n s  p la y  
an im p o rta n t r o le  in  the d ev e lo p m en t of the d is e a s e  but a t the sam e  
tim e  the p o s s ib i l i t y  o f d if fe r e n c e s  in  p a r a s it ic  r a c e s  of the c a u sa l
5o r g a n ism  sh ou ld  not be o v e r lo o k ed .
T rying to  d e term in e  the c a u s e s  of the fa ilu r e  o f P . O. J. 213  
in  L o u is ia n a , A bbott c o n s id e r e d  th e fo llo w in g  p o s s ib i l i t ie s :
1. "An a c tu a l change in  the in h er e n t r e s is ta n c e  of 
the v a r ie ty , w h ich  w ould  p r e su m e  an en  m a s s e  
change in  it s  g e n e t ic  co n stitu tio n  and i s ,  th e r e fo r e ,  
h a rd ly  to  be c o n s id e r e d  te n a b le . "
2 . "An in c r e a s e  in  s u s c e p t ib il i ty  a s  a r e s u lt  o f lon g  
con tin u ed  su b jec tio n  to  u n favorab le  en v ir o n m e n ta l  
co n d itio n , r e su lt in g  in  n u tr itio n a l or  p h y s io lo g ic a l  
d is tu r b a n c e s . T h is s e e m s  im p ro b a b le  in  v ie w  o f the 
fa c t  th at the cu ttin gs of P.. O. J. 213 fr o m  the m u ck  
lan d s of so u th ern  F lo r id a , the sa n d y  la n d s o f G e o r g ia  
and M is s is s ip p i ,  and the v a r io u s  s o i l  ty p e s  o f the  
L o u is ia n a  su g a r  b e lt  have a ll  p ro v ed  e q u a lly  su s c e p t ib le  
w hen a r t i f ic ia l ly  in o c u la te d . "
3 . "The p o s s ib i l i t y  th a t p r io r  to  1930, the v a r ie ty  
had n o t b e e n  su b jec te d  to  co n d ition s fa v o ra b le  to
the d ev e lo p m en t of r e d  r o t - . ............. ; th is  a p p ea red
to  be re fu te d  b y  the e x p e r ie n c e  of r e d  ro t e p id e m ic  
in  1927 . "
4 . "The d ev e lo p m en t o f  s tr a in s  o f the r e d  ro t fungus  
m o re  v ir u le n t  on P . O. J . 213 than th o se  p r e s e n t  in  the 
S ta tes  p r io r  to  it s  in tro d u c tio n , or  o f a v ir u le n t  one 
p r e v io u s ly  p r e se n t  had not found co n d itio n s  fa v o ra b le  
for  i t s  d e v e lo p m en t. "
S in ce  the f i r s t  th r e e  p o s s ib i l i t ie s  did n o t p ro v id e  an adequate  
ex p la n a tio n  of the fa i lu r e ,  he w as o f  the op in ion  th a t th e  p ro d u ctio n  and  
e s ta b lis h m e n t  of n ew  p h y s io lo g ic  s tr a in s  of the r e d -r o t  fungus w as the  
c a u se  of sud d en  fa i lu r e s  of the v a r ie t ie s ,  e s p e c ia l ly  o f P . O. J . 213 .
In o rd er  to  stu d y  the p o s s ib i l i t y  of the p r e s e n c e  of s p e c ia l iz e d  
r a c e s  of the fu n g u s , a  su r v e y  o f the r ed -r o t f lo r a  of th e  S ou th ern  U nited
6S ta te s  w as u n d ertak en  in  1930. M ore than 1000 is o la te s  w ere  o b ta in ed  
and  s tu d ied  fr o m  the v a r io u s  p a r ts  of L o u is ia n a  and w e re  found to  be  
m o re  or l e s s  m o r p h o lo g ic a lly  u n ifo r m , su g g e st in g  no grou p in g  of the  
i s o la t e s  on a  m o r p h o lo g ic a l b a s i s .  B u t in  a s im ila r  su r v e y  and stu d y  
of 100 is o la t e s  fr o m  the s iru p -p ro d u c in g  s e c t io n  o f so u th ern  G e o rg ia  
and n o r th ern  F lo r id a , i t  w as ap p aren t th at th ey  w e re  s tr ik in g ly  d if f e r ­
en t fr o m  the L o u is ia n a  is o la t e s  in  c o lo r  and te x tu re  o f the tu r f . T h ey  
w e r e  d ark  g r a y  in  c o lo r  and v e lv e ty  co m p a ct in  tex tu re  in  c o n tr a s t  to  
the lig h t c o lo r  and co tto n y  te x tu re  of the L o u is ia n a  fo r m s . Thus the  
f i r s t  e v id e n c e  of the e x is t e n c e  o f tw o m o r p h o lo g ic a l grou p s of 
C o lle to tr ic h u m  fa lc a tu m  W ent w as e s ta b lis h e d  b y  A bbott (1 9 3 3 , 1935).
In s tu d ie s  co n tin u ed  th rou gh  1 9 3 0 -3 7 , A bbott (1938/) o b s e r v e d  
a change in  r e la t iv e  p r o p o r tio n s  o f the tw o r a c e s .  C u ltu res  m ade fr o m  
C o . 290 and P . O. J. 3 6 -M  fr o m  a  p la n ta tio n , w h ere  o n ly  lig h t  r a c e s  
had b een  o b ta in ed  in  p r e v io u s  y e a r s ,  b eg a n  to  sh o w  a h igh  p e r ce n ta g e  
o f d ark  r a c e s .  In 1934, an  eq u a l p e r ce n ta g e  o f l ig h t  and d ark  r a c e  
i s o la t e s  w as ob ta in ed  fr o m  a ll  v a r ie t ie s .  In 1935 th ere  w as a s l ig h t  
p red o m in a n ce  of the lig h t  r a c e s ,  w h ile  in  1936 and 1937 th e r e  w a s a  
d e c id e d  in c r e a s e  in  the r e la t iv e  n u m b ers o f the dark  r a ce  i s o la t e s .
F r o m  the data o f the v ir u le n c e  c o m p a r iso n  t e s t s ,  A bbott (1938)^  
o b s e r v e d  th at the i s o la t e s  o f C o lle to tr ic h u m  fa lc a tu m  W ent d if fe r e d  in  
v ir u le n c e . In g e n e r a l ,  the lig h t  r a c e  i s o la t e s  w e re  m o re  v ir u le n t  than
the dark  r a c e  i s o la t e s  a lth ough  so m e  i s o la t e s ,  ir r e s p e c t iv e  of lig h t  
or d ark  r a c e s ,  w e re  v ir u le n t  on ly  on c e r ta in  cane v a r ie t ie s .  T h ese  
r e s u lt s  in d ic a te d  th at the d ark  c o lo r  of the m y c e liu m  and lo w  v ir u le n c e  
in  C o lle to tr ic h u m  fa lc a tu m  W ent m ig h t be c o r r e la te d  c h a r a c te r s .
In 1932, T im s and E d g erto n  (1932) s tu d ied  a nu m ber of i s o ­
la t e s .  T h e se  i s o la t e s  v a r ie d  in  th e ir  a b ility  to  p rod u ce  s p o r e s  and in  
the type of g ro w th , but c o n s is te n t  p h y s io lo g ic a l d if fe r e n c e s  w ere  not 
n o t ic e d .
T he tw o m o r p h o lo g ic a l g r o u p s , lig h t  and d ark , a s  found by  
A bbott (1935) w ere  d if fe r e n t ia te d  on the b a s is  o f the c o lo r  and tex tu re  
of the m y c e liu m  on o a tm e a l agar and  d e s c r ib e d  as v a r ie t ie s  o f 
C o lle to tr ic h u m  fa lc a tu m  W ent. T he d if fe r e n c e s  in  the a p p ea ra n ce  of  
the c o lo n y , h o w e v e r , did not ap p ear to  be c o r r e la te d  w ith  o th er  m o rp h o ­
lo g ic  c h a r a c te r s . It had b e e n  found, fo r  in s ta n c e , in  m ak in g  m e a s u r e s  
of c o lo n ie s  th at w h ile  su ff ic ie n t  d if fe r e n c e s  in  sp o r e  s iz e  o c c u r r e d ,  
both  lig h t  and dark  ty p es  f e l l  in  b oth  the la r g e  and the s m a ll  sp o re  
g r o u p s . The s itu a t io n  in  th is  r e s p e c t  w as s im ila r  to  th at d e m o n str a te d  
b y  R ands and Dopp (1934) in  P y th iu m  a r r h e n o m a n e s . T hey found that 
s p e c ie s  to  c o n s is t  o f a n u m b er of fo r m s  sh ow in g  b oth  m o r p h o lo g ic  and  
p h y s io lo g ic  d if fe r e n c e s , but co n c lu d ed  th at th e r e  w ere  en ou gh  in t e r ­
m e d ia te  or o v er la p p in g  r e p r e s e n ta t iv e s  to  in v a lid a te  fo r  the p r e se n t  an y  
p r a c t ic a l  ad van tage o f su b d iv id in g  th e s p e c ie s .
In 1942, C hona and P a d w ick  in  India  s tu d ied  1000 i s o la t e s  fr o m
8d iffe re n t a r e a s  and found that th e lig h t ra ce  is o la t e s  o f C o lle to tr ic h u m  
fa lc a tu m  W ent w e r e  m o r e  p red o m in a n t and in  cu ltu re  p ro d u ced  a h e a v ie r  
sp o r u la tio n . A ll  is o la t io n s  m ade b e fo r e  the s e v e r e  e p id e m ic  o f 1 9 4 0 -4 1 ,  
w e re  of the d ark  type w ith  sc a n ty  sp o r u la tio n . T h e r e fo r e , th e y  cam e  
to  the c o n c lu s io n  th at the n ew  lig h t  typ e  w as m o re  v ir u le n t  than the o ld  
dark  ty p e , p a r t ic u la r ly  on C o. 213 and th at su ch  an e p id e m ic  w as due 
to  th is  lig h t  ty p e .
S im ila r  r e p o r ts  o f v ir u le n c e  o f the is o la t e s  w ith  lig h t  lo o s e  
te x tu re  and abundant sp o r u la tio n  a ls o  w ere  r e c o r d e d  b y  R afay  and  
Pad m an ab han  (1941) and R afay  (1 9 5 0 ).
In 1941 R a m a k rish n a n  c la im e d  to  have s e c u r e d  th e  lig h t  s tr a in s  
b y  sa lta t io n  p h en om en on  fr o m  s in g le  co n id iu m  c u ltu r e s  o f d ark  s tr a in .  
T r ic h o d e r m a  lig n o r u m  grow n a lon g  w ith  C o lle to tr ic h u m  fa lc a tu m  W ent 
in  f iv e  d ays o v e r g r e w  the dark  s tr a in  w h ile  the lig h t  s tr a in  w as s u r ­
rou n d ed  or p a r tly  o v e rg r o w n . A cco rd in g  to  h im  th e  tw o s tr a in s  had  
s im ila r  te m p e r a tu r e  r a n g e s  and th e r m a l d eath  p o in ts . N e v e r t h e le s s ,  
the tw o s tr a in s  e x h ib ite d  d if fe r e n c e s  in  th e ir  p a th o g e n ic ity , sp o r u la tio n ,  
am ou n t o f g ro w th  and c o lo r .
In 1950 C hona and H in g o ra n i n o t ice d  the e f fe c t  o f age  o f  cu ltu re  
upon m u ta tio n  in  P h y sa lo s p o r a  tu cu m a n e n s is  S p eg . (C o lle to tr ic h u m  
fa lc a tu m  W ent) i s o la t e s .  M utation  had b een  d e m o n str a te d  in  so m e  i s o ­
la t e s .  L ig h t c o lo r e d  i s o la t e s  m u ta ted  fr e q u e n tly  on a r ic h  m ed iu m  lik e
9R ic h a r d 's  a g a r , but the dark  c o lo r e d  is o la te  and the m u tants r em a in e d  
s ta b le . It had a ls o  b e e n  n oted  th at the fr e q u e n c y  o f m u ta tion  in c r e a s e d  
w ith  the age of c u ltu r e . P a th o g e n ic ity  t e s t s  c a r r ie d  out in  the f ie ld  and  
in  the la b o r a to r y  r e v e a le d  a change in v ir u le n c e  of the m u tan ts fr o m  
th a t o f th e ir  r e s p e c t iv e  p a r e n ts .
In a c o m p a ra tiv e  stu d y  b y  C a rv a ja l (1943) on the p e r fe c t  s ta g e  
of the d ark  and the lig h t  s t r a in s ,  no m a rk ed  d if fe r e n c e  w as fou nd . The 
p e r fe c t  s ta g e  of b oth  the s tr a in s  w as p ro d u ced  in  the sa m e w ay. The 
p e r ith e c ia , a s c i  and a s c o s p o r e s  w e re , on the a v e r a g e , o f the sa m e  d i­
m e n s io n s  and s h a p e s . The on ly  notab le  d if fe re n c e  w as in  th e cu ltu re  
c o lo r  ty p e , one b e in g  d ark  and th e o th er  l ig h t . T h ir ty -s e v e n  s in g le  
a s c o s p o r e  cu ltu re s  a s  w e ll  as s e v e r a l s in g le  co n id iu m  is o la t e s  w ere  
m ad e fr o m  d ifferen t c u ltu r e s . A ll  th e se  new  s in g le  a s c o s p o r e  cu ltu re s  
w h ich  w e re  tr ie d , p ro d u ced  the p e r fe c t  s ta g e  a g a in . In a l l  c a s e s  of 
s e v e r a l  g e n e ra t io n s  th rou gh  the s e x u a l s ta g e , e a c h  ty p ic a l is o la te  kept 
i t s  id e n t ity  w ith  the p a ren t ty p e . A ll a s c o s p o r e  cu ltu re s  fr o m  d iffe re n t  
a s c i  o f the sa m e  p e r ith e c iu m  (w h ich  w as p rod u ced  w ith  a s in g le  co n id iu m  
c u ltu re ) w e r e  id e n t ic a l w ith  the o r ig in a l s in g le  co n id iu m  c u ltu re .
F u r th e r , the dark and the lig h t i s o la t e s  o f  the fungus w ere  a c tu a lly  o b ­
ta in ed  b y  m e a n s  o f s in g le  a s c o s p o r e  is o la t io n s  fr o m  d iffe re n t p e r ith e c ia  
w h ich  o c c u r r e d  s id e  b y  s id e  on th e dead le a v e s  of su g a rca n e  and o f the  
g r a s s  L ep to ch lo a  f i l i f o r m is .
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A  s im ila r  c o n c lu s io n  w as a ls o  ob ta in ed  b y  Wang (1 9 5 0 ) , who 
cou ld  ob ta in  o n ly  one s tr a in  o f the s p o r e s  in  the fungus in  s tu d ie s  
c a r r ie d  out in  1 9 4 9 -5 0 .
E d g erto n  and M orelan d  (1920) found the range of te m p e r a tu r e  
fo r  the g ro w th  o f P h y sa lo s p o r a  tu cu m a n e n s is  S p eg . (C o lle to tr ic h u m  
fa lc a tu m  W ent) to  be fr o m  1 3 ° ~ 3 7 .5 °  C , the o p tim u m  b e in g  a t about 
2 7 °  C . A c co r d in g  to  S a r to r is  (1 9 2 9 ), the fungus cou ld  g ro w  e v e n  at 
3 ° C , but the g ro w th  w as v e r y  s l ig h t . T im s and E d g erto n  in  1932 r e ­
p o r ted  v e r y  s lo w  gro w th  at 10° C , ra p id  g ro w th  at 2 7 ° - 3 4 °  C and s lo w  
g ro w th  a t 37° C . A bbott in  1938 , o b s e r v e d  th at the fungus p ro d u ced  
so m e  g ro w th  a t 10° C , but th a t the o p tim u m  in  h is  c a s e  w as fr o m  3 0 -  
32° C and th e u p p er l im it  w as s l ig h t ly  above 3 7 .5 °  C . R a m a k rish n a n  
in  1941 , sh o w ed  th at th e  op tim u m  te m p e r a tu r e  fo r  the g ro w th  o f the  
fungus he s tu d ied  w as about 3 0 °  C . H e did n ot g e t  any g ro w th  a t 10° C , 
but w hen th e p la te s  w e r e  r e m o v e d  to  th e ro o m  te m p e r a tu r e s  (2 8 °  C ), 
gro w th  c o m m e n c e d . In 1950, C hona and H in g o ra n i in c o m p a r a tiv e  s tu d ie s  
on so m e  i s o la t e s ,  found that th e dark  i s o la t e s  w e r e  c o m p a r a tiv e ly  s lo w  
g ro w in g  at a l l  t e m p e r a tu r e s . T h e ir  fin d in g s  a g r e e d  m a in ly  w ith  th o se  
o b ta in ed  b y  A bb ott.
A bbott (1 9 3 8 ) and R a m a k r ish n a n  (1 9 4 1 ) had  found th at o a tm e a l  
a g a r  w as v e r y  su ita b le  fo r  g e n e r a l  c u ltu r a l w ork  w ith  P h y sa lo s p o r a  
tu c u m a n e n s is  S p eg . In B r o w n ’s a g a r , s o i l - e x t r a c t  and le a f  m ou ld
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e x tr a c t s ,  the hyphae w e re  m o s t ly  h y a lin e  w ith  few  c h la m y d o sp o r e s  
and the grow th  w as v e r y  p o o r . In s tu d ie s  m ad e b y  C hona and H in g o ra n i 
(1950) the d if fe r e n t is o la t e s  d id  not sh o w  any a p p re c ia b le  d if fe r e n c e  in  
th e ir  ra te  of gro w th  on the fou r m e d ia  u s e d . It h a d ,b een  found, h o w e v e r , 
th at th e o a tm e a l agar  and can e le a f  d e c o c t io n  w ere  r e la t iv e ly  b e tte r  
s u ite d  for  the gro w th  than the o th er  tw o m e d ia .
Som e w ork  w as a ls o  con d u cted  b y  R a m a k rish n a n  (1 9 4 1 ) to  
stu d y  the k inds o f e n z y m e s  p ro d u ced  b y  the is o la t e s  o f P h y sa lo s p o r a  
tu c u m a n e n s is  S p eg . It w as n o t ic e d  th at the lig h t and the dark  is o la t e s  
d iffe r e d  to  so m e  e x ten t in  th e ir  a b ility  to  p rod u ce  v a r io u s  e n z y m e s . The 
d ark  s tr a in  w as found to  p rod u ce  c o m p a r a tiv e ly  m o r e  p e c t in a s e , w h ile  
the lig h t  s tr a in  p ro d u ced  m o r e  tr y p s in ;  th e dark  s tr a in  p ro d u ced  m o r e  
a m id a se  than  the lig h t  o n e .
A bbott (1938) o b ta in ed  the m a x im u m  gro w th  b e tw e en  pH 5 . 0 -  
6 . 0 , the o p tim u m  b e in g  n ea r  5 .5 .  He did not g e t  the ty p ic a l g ro w th  at 
any of the o th er  r a n g e s . R a m a k r ish n a n  (1 9 4 1 ) found th at the b e s t  g ro w th  
o c c u r r e d  b e tw een  pH 4 . 5 - 5 .  0 but th a t the fungus w a s cap ab le  o f g ro w in g  
o v e r  a w id er  r a n g e . The r e s u lt s  o b ta in ed  in  the stu d y  b y  C hona and  
H in g o ra n i (1950) sh o w ed  th a t the o p tim a l h y d ro g en  io n  c o n c en tr a tio n  o f  
the cu ltu re  m ed iu m  fo r  the th re e  i s o la t e s  s tu d ied  w as b e tw e en  pH 5 . 0 -
6 . 0 and th at th ere  w as not m u ch  v a r ia tio n  in  th e ir  r a te  o f  gro w th  w ith in  
th is  r a n g e . The lig h t  c o lo r e d  is o la te  w as found to  g iv e  b e tte r  g ro w th  in  
the a c id  ra n g e .
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In 1938 K r e itlo w  o b s e r v e d  that l e s s  sp o ru la tio n  took  p la ce  in  
c u ltu r e s  grow n under red  lig h t  and d a r k n e s s . C u ltu res  grow n  under  
blue and w hite lig h t  p rod u ced  la r g e r  n u m b ers of s p o r e s .
Cha.wd/hury (1 9 3 7 ), a ttem p tin g  to d e te r m in e  th e r e la t io n  of 
r e la t iv e  h u m id ity  to  the g e r m in a tio n  o f the s p o r e s  o f s e v e r a l  Indian  
fu n g i, t e s te d  P h y sa lo sp o r a  tu cu m a n e n s is  Speg. am ong o th e r s . He found  
th at the m in im u m  r e la t iv e  h u m id ity  at w h ich  the g e rm in a tio n  o f r ed -r o t  
fungus o c c u r r e d  w as 95 p er  c en t, w h ile  R a m a k rish n a n  (1941) co u ld  o b ­
ta in  g e r m in a tio n  on ly  at 100 p er  cen t and not in  o th e r s .
L ing and M a (1950) r e p o r te d  th a t d ead  and d ry in g  le a f  -b la d e s  
w ere  fa v o ra b le  to  the p rod u ction  o f p e r ith e c ia . The im p e r fe c t  s ta g e  
o f the fungus g r e w  v ig o r o u s ly  on the b e tte r  su b s tr a te  but p e r ith e c ia  d e ­
v e lo p e d  on the s u b s tr a te s  w h ich  w e re  l e s s  n u tr it iv e . T h ey  d e v e lo p e d  
p e r ith e c ia  on the d ry  le a f  b la d es  o f  so m e  g r a m in a c e o u s  p lan ts o th er  
than the c o m m e r c ia l  ca n es  and on d ry  s ta lk s  o f O ryzae  s a t iv a , show ing  
that th e ir  p ro d u ctio n  w as fa v o r e d  by su b s tr a ta  lo w  in  n u tr ie n ts . P e r i ­
th e c ia  w ere  not fo r m e d  b e lo w  15° C or above 35° C . T he su ita b le  
te m p e r a tu r e  fo r  the d ev e lo p m en t w as in  the ran ge o f 2 2 -2 8 °  C . The 
p r e lim in a r y  t e s t s  of a s c o s p o r e  g e r m in a tio n  had show n th at 64 p er  cen t  
o f  the a s c o s p o r e s  m ig h t g e r m in a te  in  d is t i l le d  w a ter  a fte r  18 h o u r s '  
in cu b a tio n  a t 3 0 °  C . The p e r ce n ta g e  o f g e r m in a tio n  w as s l ig h t ly  in ­
c r e a s e d  w hen n u tr ien t w as add ed , but the in c r e a s e  w as not s ig n if ic a n t .
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The stu d y  o f th e r e s is ta n c e  of the a s c o s p o r e s  to  h eat in d ic a te d  that 
the p e r ce n ta g e  of g e rm in a tio n  d e c r e a s e d  to  one p er  c en t at 60° C for  
30 m in u te s  and that a s c o s p o r e s  did  not g e r m in a te  w hen k ep t at 8 0 °  C 
fo r  3 m in u te s .
A tk in so n  (1938) r ep o r ted  th at the lo n g itu d in a l sp r e a d  of the 
d is e a s e  w as p r o p o r tio n a l to  the n u m b er of v - cu la r  b u n d les  w ith  v e s s e l s  
con tin u ou s fr o m  one node to  the o th e r . IT - s o  n o t ic e d  th a t the d i s ­
c o lo r a t io n  in  th e n od es and in te r -n o d e s  w as g r e a te r  in  s ta lk s  in o c u la te d  
w ith  h ig h er  sp o r e  c o n c en tr a tio n s  than in  s ta lk s  in o c u la te d  w ith  lo w e r  
sp o re  c o n c e n tr a tio n s .
L oll (1940) co n c lu d ed  that the hot w ater  tr e a tm e n t at 5 2 °  C fo r  
30 m in u te s  fa i le d  to  p r e v en t the d ev e lo p m en t of the fungus in  the s ta lk s ,  
w h e r ea s  the tr e a tm e n t at 6 0 °  C for 30 m in u tes  c o n tr o lle d  the d is e a s e .
An in v e s t ig a t io n  b y  E d g er to n  and a s s o c ia t e s  (1 9 4 2 ) in to  the  
e f fe c t  o f hot w a ter  tr e a tm e n t on  the r e s is ta n c e  o f  the can e  to su b seq u en t  
a r t i f ic ia l  in fe c tio n  by P h y sa lo s p o r a  tu cu m a n e n s is  S p eg . sh o w ed  that the  
r e d -r o t  in ju r y  w as m u ch  m o re  e x te n s iv e  in  the u n tr ea ted  ca n es  in  the  
ten  c o m m e r c ia l  su g a rca n e  v a r ie t ie s  u se d  in  the t e s t s .  W hen th e c a n es  
w e re  in o c u la te d  w ith  th e r ed -r o t fungus p r io r  to  h ot w a ter  tr e a tm e n t  
(tw en ty  m in u te s  a t 5 2 °  C ), no tr a c e  o f in fe c t io n  w as n o t ic e d  in  any p lan t  
tr e a te d  w ith in  tw o  d ays o f in o c u la tio n . T h ose  tr e a te d  th r e e ,  fou r and  
f iv e  d ays a fter  in o c u la tio n  sh o w ed  d e fin ite  l e s i o n s ,  a lth ou gh  th e y  w ere  
not as w e ll  d ev e lo p ed  a s  in  the u n tr ea ted  in o c u la te d  lo t s .  T h e se  r e s u lt s
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s e e m e d  to  in d ic a te  th at hot w ater  did  not e n t ir e ly  d e s tr o y  the r e d -r o t  
fungus in  the w e ll  e s ta b lis h e d  le s io n s .  W hen sp o re  su sp e n s io n s  o f the  
r e d -r o t  fungus w e re  tr e a te d  a t 5 2 °  C for  5 , 10 and 20 m in u tes  p r io r  to  
in o c u la tio n  in to  c a n e s , no r e d -r o t  d e v e lo p e d  in  any o f the p la n ts , in ­
d ica tin g  th a t the s p o r e s  w ere  k il le d  during the th e r m a l tr e a tm e n t.
Wang (1 9 5 1 ), in  h is  s tu d ie s  on the e f fe c t s  of the hot w a ter  a t d ifferen t  
te m p e r a tu r e s  fo r  v a ry in g  p e r io d s  of tim e upon su b seq u en t o c c u r r e n c e  
o f the fungus in  a la te n t  fo r m  in  s ta lk s  co u ld  not fin d  a  co m p le te  in h ib i­
t io n  o f the fu n g u s.
B u tle r  (1906) s ta te d  th at the s p o r e s  o f P h y sa lo sp o r a  
tu c u m a n e n s is  S p eg . (C o lle to tr ic h u m  fa lc a tu m  W ent) fr o m  a v ig o r o u s  
cu ltu re  b u r ie d  in  the s o i l  a t a depth of th r e e  in c h e s  w ere  found to  be a l l  
dead  or a  fe w  g e r m in a te d  a fte r  e ig h t  w e e k s . On th e  o th er  han d , c u ltu r e s  
p la c e d  f r e e ly  e x p o se d  on the su r fa c e  o f the ground  su r v iv e d  in  d ry  
w ea th er  and g e r m in a te d  f r e e ly  a fte r  the sa m e  p e r io d . L a te r  he aga in  
n o t ic e d  th a t the fungus w as cap ab le  o f  l iv in g  in  the s o i l  or on d eca y in g  
le a v e s  in  the a b se n c e  of the c a n e s , but co u ld  not s u r v iv e  m o re  than  th re e  
to  fo u r  m o n th s . B u tle r  and H afiz  Khan (1 9 1 3 ) found th a t the fungus d ied  
out r a p id ly  in  the m o is t  s o i l ,  but c u ltu r e s  e x p o se d  to  the a ir  and kept 
m o d e r a te ly  d ry  r e ta in e d  th e ir  v ia b ility  up to  f iv e  m o n th s . A bbott 
(1 9 3 8 ) s ta te d  th at w h ile  i t  s e e m e d  p o s s ib le  th at the fungus m ig h t b e  ab le  
to  su r v iv e  fo r  a c o n s id e r a b le  tim e  in  th e b u r ie d  t r a s h  and co u ld
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p r e su m a b ly  in fe c t  s e e d  c a n e s , th is  so u r c e  o f in o cu lu m  w as r e la t iv e ly  
u n im p ortan t. Chona and P a d w ick  (1942) ob ta in ed  in fe c t io n  of the  
p la n ted  ca n es  fr o m  th e in fe s te d  s o i l .  C hona (1950) o b se r v e d  that 
th e s u r v iv a l o f the r e d -r o t  o r g a n ism  in  the s o i l  w as l im ite d  to  f iv e  
m o n th s . C hona and N a r ia n i (1953) fu r th er  o b s e r v e d  that the fungus  
r e m a in e d  v ia b le  fo r  a lo n g e r  p er io d  in  the s t e r i l i z e d  s o i l  than in  the  
n o n - s t e r i l i z e d  s o i l .
The e f fe c t  o f h igh  s o i l  m o is tu r e  h as b een  c o n s id e r e d  fa v o ra b le  
fo r  r e d -r o t  sp r e a d  b y  a nu m ber o f au th ors a s  B a rb er  (1 9 0 1 ), B u tle r  
(1906) and A bbott (1 9 3 8 ). The in fo rm a tio n  had b een  b a s e d  m o s t ly  on 
o b s e r v a t io n s , s in c e  B a rb er  f ir s t  m en tio n ed  it  in  1901. On the o th er  
hand, S teib  (1 9 4 9 ) c la im e d  that d ry  co n d itio n s  m ig h t fa v o r  the d e v e lo p ­
m en t o f the r e d -r o t  fungus in  the s ta lk s  and the w et co n d itio n s p r e v en t the  
sp r e a d .
M ATERIALS AND M ETHODS
The e x p e r im e n ts  ap p erta in in g  to  th is  stu d y  w e re  co n d u cted  in  
the la b o r a to r y , g r ee n h o u se  and f ie ld :
I s o la t e s : The i s o la t e s  o f P h y sa lo s p o r a  tu cu m a n e n s is  S p eg . u se d  in  th is
stu d y  were o b ta in ed  fr o m  the s ta lk s  of d iffe re n t v a r ie t ie s  o f c a n es  grow n  
at the L o u is ia n a  A g r ic u ltu r a l E x p e r im e n t S ta tion .
S in g le  sp o r e  is o la t io n s  w e re  e m p lo y e d  to  in su r e  pure c u ltu re s  
and to  e lim in a te  th e p o s s ib i l i t y  o f  ch a n g es  th at o ften  o ccu r  in  m a s s  
cu ltu re  s .
T w e n ty -f iv e  lig h t and tw en ty  d ark  s in g le  sp o r e  is o la t e s  w ere  
o b ta in ed  fo llo w in g  th e m eth od  d e s c r ib e d  b y  N e so m  (1 9 3 9 ). A  fe w  s p o r e s  
fr o m  a cu ltu re  of o a tm e a l agar w e r e  p la c e d  in  a tube co n ta in in g  s t e r i le  
w a te r . A fte r  sh ak in g  th e tube th o ro u g h ly  a fe w  drops o f the sp o re  s u s ­
p e n s io n  w e r e  p la c e d  on s o lid if ie d  C z a p e k ’s agar in  9 c m . p e tr i  p la te s .  
The d is h e s  w e r e  t i l t e d  so  th at th e su r fa c e  o f th e m ed iu m  w a s c o v e r e d  
w ith  a  th in  f i lm  of s p o r e - s u s p e n s io n .
The s p o r e s  w e r e  in cu b a ted  at r o o m  te m p er a tu r e  u n til g e r m in a ­
tio n  o c c u r r e d . A t th is  tim e  the g e r m in a te d  s p o r e s  w e re  lo c a te d  fr o m  
the b o tto m  s id e  of the d ish  w ith  a  lo w  p ow er  m ic r o s c o p e . A s m a ll  
q u an tity  o f India in k  w as p la c e d  on  the d ish  d ir e c t ly  o v e r  the s p o r e s .  
W hen the d e s ir e d  n u m b ers  of s p o r e s  w e re  lo c a te d , the a r e a  around e a ch
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sp o re  w as e x a m in e d  to  m ak e c e r ta in  th a t no o th er  sp o re  w as n ea r  the  
one to  be is o la te d . The d ish e s  w ere  op en ed  and the agar  above the  
in k ed  a r e a  w as cu t out w ith  a  s m a l l  s t e r i l i z e d  b is c u it  cu tter  (4  m m .) 
and tr a n s fe r r e d  to  an o a tm ea l a g a r  p la te . T h e se  p ie c e s  of a g a r  w ere  
r e -e x a m in e d  a t sh o r t  in te r v a ls  to  be su r e  th at no o th er  s p o r e s  w ere  
p r e se n t .
The v a r io u s  is o la t e s  w e re  th en , on  the b a s is  of in te n s ity  of 
c o lo n y  c o lo r  and sp o r u la tio n , d iv id ed  in to  th r e e  g ro u p s of the dark  
i s o la t e s  and tw o gro u p s of the lig h t  i s o la t e s .  One or tw o i s o la t e s  w ere  
th en  s e le c t e d  a s  ty p ic a l r e p r e s e n ta t iv e  fr o m  e a ch  of the group  fo r  stu d y . 
The is o la t e s  s e le c t e d  as  r e p r e s e n ta t iv e  o f e a c h  of the th re e  d a rk  g ro u p s  
w e re  la b e le d  D 1, D 2 and D 3 r e s p e c t iv e ly .  I so la te  L  1 w as s e le c t e d  
to  r e p r e s e n t  one l ig h t  grou p  and tw o is o la t e s  L  2 and L  3 w ere  s e le c t e d  
to  r e p r e s e n t  th e o th er  lig h t  g ro u p . A s w ork  p r o g r e s s e d  the n u m b er of 
i s o la t e s  w as fu r th er  r ed u c ed  in  so m e  o f th e e x p e r im e n ts .
M ed ia : The fo llo w in g  m ed ia  w e r e  u s e d  fo r  c o m p a r iso n  of c u ltu ra l  
c h a r a c te r s  and v a r io u s  o th er  p u r p o se s :
1. P o ta to  D e x tr o s e  A gar: P o ta to  ( P e e le d  a n d .s lic e d )
................................................... 200 g r a m s
D e x tr o s e .  ..............................20 "
B a c to  a g a r ..................................  . 17 "
D is t i l le d  w a t e r ............................. 1000 m l.
2 . O a tm ea l A gar: R o lle d  o a t s  100 g r a m s
B a cto  a g a r ................................   . 17 11
D is t i l le d  w a te r ............................... 1000 m l.
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3 . C za p ek 's  A gar: S od ium  n it r a t e .......................................... 2 .0  g r a m s
D ib a s ic  p o ta ss iu m  p h osp hate . . 1 . 0  g ra m
P o ta s s iu m  c h lo r id e ............................... 0 .5  "
M agn esiu m  s u l p h a t e ........................... 0. 5 "
F e r r o u s  su lp h a te ...................................0 .0 1  11
B a cto  a g a r ............................................. 17. 0 g ra m s
S u c r o s e ....................................................3 0 .0  "
D is t i l le d  w a te r   1000 m l.
4 . R ich a rd 's  A gar: P o ta s s iu m  n i t r a t e  10. 0 g ra m s
P o ta s s iu m  m o n o b a s ic  phosp hate 5 .0  M
M a g n esiu m  su lp h a te ...............................2 .5  "
F e r r ic  c h lo r id e .........................................0 .0 2  g ra m
S u c r o s e  5 0 .0  g r a m s
B a cto  a g a r ............................................... 1 7 .0  "
D is t i l le d  w a t e r  • . 1000 m l.
5 . F r ie s  ; A gar: A m m on iu m  t a r t r a t e   5 . 0 g r a m s
A m m on iu m  n itra te  . . . .  . 1 .0  g ra m
M on ob asic  p o t. p h osp h ate . . 1 .0  "
M a g n esiu m  su lp h a te .........................  0 .5  "
S od iu m  c h lo r id e ............................ 0. 1 ”
C a lc iu m  c h lo r id e ............................... 0 . 1 "
D e x tr o s e . '    2 0 .0  g r a m s
T ra c e  e le m e n t  so lu tio n  . . .  1 .0  m l.
B a cto  a g a r . .    1 7 .0  g r a m s
D is t i l le d  w a te r   1000 m l.
The tr a c e  e le m e n t  so lu tio n  in c lu d ed  the fo llo w in g : B a , 0 .0 1  m g . ; 
C u, 0 .0 1  m g . ; Mn, 0. 02 m g . \ M o, 0. 02 m g . ; Z n , 2. 0 m g . p er  l i t e r  of 
so lu tio n .
6 . S t e r i l iz e d  su g a r ca n e  le a v e s :  The le a v e s  w e re  cu t in to  10 x  2 c m .
p ie c e s ,  b o ile d  in  w a ter  fo r  20 
m in u tes  and then  s t e r i l i z e d  b y  
a u to c la v in g .
The s o lid  m e d ia  u se d  in  the s tu d ie s  w ere  s t e r i l i z e d  b y  a u to c la v in g
fo r  20 m in u te s  at 17 pounds p r e s s u r e .
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S o lu tio n s  U sed  for  S t e r i l iz a t io n :
1. M er c u r ic  C h lor id e  S o lu tion
(P a r k e , D a v is  & C o. )...................... Two ta b le ts  in  a l i t e r  of
so lu tio n  m ad e up of 500 m l.  
o f 95 p er  c en t e th y l a lc o h o l  
and 500 m l. o f w a te r .
2 . C a lc iu m  h y p o ch lo r ite  S o ln . . . F o r ty  g r a m s  of c a lc iu m
h y p o ch lo r ite  in  1000 m l.  
of w a te r .
S te r i l iz a t io n  of the C ane S ta lk s:
The cane s ta lk s  w e re  w a sh ed  in  w a te r , su r fa c e  s t e r i l i z e d  w ith  
the so lu tio n  of M er c u r ic  C h lo r id e  fo r  10 m in u te s  and th en  d ipped  in  a 
sa tu r a te d  so lu tio n  of h y p o ch lo r ite  b e fo r e  the buds and p lu gs o f the r o o t  
band w e r e  r e m o v e d  and p la ted .
S u g a rca n e  V a r ie t ie s : The v a r ie t ie s  u s e d  in  the v a r io u s  s tu d ie s  w ere:
C o. 290  
C. P . 3 4 -1 2 0  
C .P .  3 6 -1 3  
C .P .  36^105 
C .P .  4 4 -1 0 1  
N . C o. 310
A ll w ere  fr o m  c lo n e s  m a in ta in ed  b y  the L o u is ia n a  A g r ic u ltu r a l  
E x p e r im e n t  S ta tion .
L a b o r a to r y  E x p e r im e n ts  
M e a su r e m e n ts  of co n id ia  o f the is o la te s :
C on id ia  m e a s u r e m e n ts  w e re  m ad e o f 10 d ay  old  c u ltu r e s  o f
th e s ix  is o la t e s  on o a tm ea l a g a r  in cu b a ted  at 2 3 °  C . The co n id ia  w ere  
m ou n ted  in  la c to p h en o l and a l l  in  the m ic r o s c o p ic  f ie ld  fr o m  one end of 
the s lid e  to  the o th er  w ere  m e a s u r e d . B oth  len g th  and w idth  w ere  
m e a s u r e d  in  the b eg in n in g , but when i t  b eca m e ap p aren t th a t the w idth  
w a s l e s s  v a r ia b le  than the le n g th , o n ly  len g th  m e a s u r e m e n ts  w e re  r e ­
c o r d e d . Two hu ndred  c o n id ia  w ere  m e a s u r e d  in  e a c h  is o la te .
E ffe c t  of d if fe r e n t cu ltu re  m e d ia  on grow th:
The g ro w th  o f th re e  lig h t  and th r e e  dark  is o la t e s  w as s tu d ied  
on potato  d e x tr o se  a g a r , R ic h a r d 's  a g a r , O atm ea l a g a r , C za p ek 's  a g a r  
and F r ie s  a g a r . F ou r u n ifo rm  p e tr i d is h e s  of 9 c m . d ia m eter  and c o n ­
ta in in g  eq u a l q u a n tit ie s  of m ed iu m  w e r e  in o c u la te d  w ith  e a ch  o f the d if ­
fe r e n t  is o la t e s  s e p a r a te ly . A s a p r o c ed u r e  for  in o c u la tio n , a 4 -m m .  
b is c u it  cu t fr o m  the m ed iu m  w ith  grow in g  m y c e liu m  w as r e m o v e d  to  
the g e o m e tr ic  c e n te r  o f the p e tr i d is h e s .  The co lo n y  m a r g in  o f s ix  day  
o ld  o a tm ea l a g a r  c u ltu r e s  w as u se d  for  in o cu lu m . The in o c u la te d  d ish e s  
w e re  th en  in cu b a ted  at 2 3 °  C fo r  s ix  d a y s , at the en d  of w h ich  tim e  the  
d ia m e te r s  o f the c o lo n ie s  a lon g  tw o d ir e c t io n s  at r ig h t a n g le s  to  e a ch  
o th er  w e re  m e a s u r e d . The a v e r a g e  o f the tw o d ia m e te r s  in  m m . w as  
th en  n o ted . A ll the fou r r e p lic a t io n s  fo r  e a ch  of the is o la t e s  on d if fe r ­
en t m e d ia  w e r e  s im i la r ly  m e a s u r e d  find the m ea n  w as r e c o r d e d .
E ffe c t  o f d if fe r e n t pH le v e l s  on grow th:
P o ta to  d e x tr o se  a g a r  w as u s e d  a s  the b a se  m ed iu m  fo r  a ll  the  
i s o la t e s  and pH l e v e l s .  The m ed iu m  w as p r e p a r ed  and d iv id ed  in to
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e ig h t lo t s ,  e a ch  lo t  b u ffered  as  o u tlin ed  b y  G o rtn er  (1929) and th en  
a u to c la v ed  at 17 lb . p r e s s u r e  for 20 m in u te s . The pH of e a ch  lo t  a fter  
a u to c la v in g  w as d e te r m in e d  w ith  a pH m e te r . The fin a l pH le v e l s  in ­
c lu d ed  w ere : 4 . 1; 4 .8 ;  5 . 03; 5 .7 ;  6 .0 ;  7. 1; 8 .0  and 9 .2 .
F ou r r e p lic a t io n s  w ere  m ade for  e a ch  tr e a tm e n t a t d if fe re n t  
pH l e v e l s .  F if te e n  m l. o f e a c h  of the a liq ou t w ere  p ou red  in to  e a ch  
o f the p e tr i d ish e s  and in o c u la te d  w ith  4  m m . b is c u it  cut tak en  fr o m  the  
m a r g in  o f  the s ix  day o ld  fu ngus c o lo n y . The d ish e s  a fter  in o c u la tio n  
w e re  in cu b ated  at 2 5 °  C for  s ix  d a y s . The grow th  w as m e a s u r e d  in  
m m . fo llo w in g  the m eth od  d e s c r ib e d  in  p rev io u s  e x p e r im e n t .
E ffe c t  o f d if fe re n t s o u r c e s  of ca rb o n  on g ro w th  and sp o r u la tio n :
The lig h t  i s o la t e s  L  1 and L ,2 , and the d ark  is o la t e s  D 1 and  
D 2 w ere  u se d  in  the stu d y  of the e f fe c t  of d iffe re n t s o u r c e s  of ca rb o n  
on th e ir  gro w th  and sp o r u la tio n . The s to c k  m ed iu m  con ta in in g  p b ta ss iu m  
n itra te  - 10 g r a m s , p o ta ss iu m  ph osp h ate  - 5 g r a m s , m a g n e s iu m  s u l ­
phate -  2 .5  g r a m s  and w a ter  - 1000 m l. w as p r e p a r e d . T o m ake the  
s o l id  m e d ia , 2 p e r  cen t agar  w as added .
Tw o p er  cen t b y  w eig h t of d if fe r e n t ca rb o h y d r a te s  w ere  add ed  
s e p a r a te ly  to  the b a s ic  m ed iu m  to  obta in  m e d ia  v a ry in g  in  s o u r c e s  o f  
ca rb o n . The v a r io u s  o f ca rb o n  u se d  w ere  g lu c o s e , . ,  s ta r c h  (s o lu b le ) ,  
la c t o s e ,  m a lto se  and s u c r o s e .
The p e tr i  d ish e s  w ere  in o c u la te d  by  the m eth o d  p r e v io u s ly  
fo llo w e d . T h ere  w e re  th r e e  d is h e s  fo r  e a ch  o f the i s o la t e s .  The d is h e s
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w e re  then p la c e d  on the s h e lf  in  the co n sta n t te m p e r a tu r e  ro o m  at 
2 3 ° C . The a v e ra g e  d ia m eter  o f the g ro w th  w as d e te r m in e d  a fter  
7 days of g row th .
E ffe c t  of d if fe r e n t s o u r c e s  of n itro g e n  on gro w th  and sp o ru la tio n :
The sa m e  tw o lig h t  and the tw o dark is o la te s  u se d  in  the p r e ­
ced in g  stu d y  w ere  u se d  in  the t e s t  to  s e e  the e f fe c t  of d iffe re n t s o u r c e s  
of n itro g e n  on co lo n y  grow th  and sp o r u la tio n .
A  b a s ic  m ed iu m  w as p r e p a r e d  con ta in in g  g lu c o se  - 10 g r a m s ,  
p o ta ss iu m  ph osp h ate - 1 .7 5  g r a m s , m a g n e s iu m  su lp h ate  -  0 .7 5  g r a m  
and w a ter  - 1000 m l. The s o lid  m ed iu m  w as p r e p a r ed  b y  adding 2 p er  
cen t a g a r .
The v a r io u s  s o u r c e s  of n itr o g e n  u s e d  w ere  p o ta s s iu m  n itr a te ,  
am m on iu m  su lp h a te , u r e a  and p o ta s s iu m  n it r i te .  F iv e  g r a m s  of p o t a s ­
s iu m  n itra te  w ere  added to  1000 m l. o f the m e d iu m . The o th er  su b ­
s ta n c e s  w e r e  u s e d  in  q u a n tit ie s  c a lc u la te d  to  co n ta in  an e q u iv a len t am ou nt  
o f n itr o g e n . The in o c u la tio n  and the m e a s u r e m e n t  of the c o lo n ie s  w ere  
m ad e in  the sa m e  w ay  a s  in  the p r e ce d in g  e x p e r im e n t .
E ffe c t  of d if fe r e n t te m p e r a tu r e s  on g ro w th :
T he e f fe c t  o f te m p e r a tu r e  on the g ro w th  o f the s ix  i s o la t e s  w as  
s tu d ied . P e tr i  d ish e s  w ith  20 m l. o f s t e r i l i z e d  o a tm ea l agar w e re  u s e d .  
F ou r d ish e s  w e re  in o c u la te d  w ith  e a c h  o f  the is o la te s  s e p a r a te ly  fo l lo w ­
ing the m eth o d s in  p r e v io u s  e x p e r im e n ts  and in cu b a ted  a t 10, 15, 2 0 ,
2 5 , 27 , 2 9 , 3 1 , 3 3 , 36 and 39 d e g r e e  C e n tig r a d e . The a v e r a g e  gro w th
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o f d ia m e te r  in  m m . w as r e c o r d e d  a fter  s ix  days o f grow th .
■T h e rm a l death  poin t o f con id ia :
The th e r m a l d eath  poin t of co n id ia  o f th e lig h t  is o la te  L 1 and  
the dark  is o la te  D 1 w as d e te r m in e d . The s u sp e n s io n  w as p re p a r ed  by  
w a sh in g  the s p o r e s  fr e e  fr o m  m y c e lia  on o a tm e a l agar  s la n t . The 
sp o r e  s u s p e n s io n  in  t e s t  tu b es  w as th en  su b je c te d  to  co n sta n t t e m p e r a ­
tu re  in  a hot w a ter  b a th . T im e  and te m p e r a tu r e  e x p o su r e s  w ere  as  
f o l lo w s :
T em p e ra tu r e  T im e in  m in u tes
5 2 °  C 5
5 2 °  10
5 1 °  5
5 1 °  10
5 0 °  5
5 0 °  10
4 9 °  5
4 9 °  10
4 8 °  5
4 8 °  10
T e m p e r a tu r e  w as c h e ck ed  b y  p la c in g  the s t e r i l i z e d  th e r m o m e te r  
in  th e c e n te r  o f t e s t  tube con ta in in g  the sp o r e  s u s p e n s io n . E a ch  tube o f 
sp o r e  s u s p e n s io n  w a s  o c c a s io n a l ly  a g ita te d  to  fa c i l ita te  u n ifo rm  h ea tin g  
o f the s p o r e s .  A fte r  the su sp e n s io n  had r e a c h e d  the d e s ir e d  te m p e r a tu r e ,
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it  w as a llo w e d  to  r e m a in  at that te m p er a tu r e  fo r  the s p e c if ie d  t im e .
A s so o n  as the tr e a tm e n t w as c o m p le te d , the tube w as im m e r s e d  in  
c o ld  w a ter  to  b r in g  the m a te r ia l  to  ro o m  te m p era tu re  as q u ick ly  as  
p o s s ib le .  One m l of the sp o re  s u s p e n s io n  fr o m  ea ch  tr e a tm e n t w as  
th en  p la c e d  on o a tm e a l agar  p la te s .  O b se rv a tio n  on th e g e r m in a tio n  of 
s p o r e s  w as m ade a fter  48 h o u rs .
E ffe c t  of d if fe re n t ra d ia tio n s  and d a rk n ess  on gro w th  and sp o ru la tio n :
S ep a ra te  e x p e r im e n ts  w e re  con d u cted  to  stu d y  the e f fe c t  of 
v a r io u s  l ig h ts  upon co lo n y  gro w th  and upon sp o r u la tio n  o f the i s o la t e s .  
F o r  the gro w th  stu d y , i s o la t e s  L 2 and D 2 w ere  in c lu d ed  w h ile  the  
sp o r u la tio n  stu d y  w as con d u cted  w ith  fou r  is o la te s  L 1, L  2 , D 1 and  
D 2. T he n in e m m . p e tr i  d ish e s  con ta in in g  20 m l. o a tm e a l a g a r  w ere  
in o c u la te d  a t the c e n te r  w ith  a 4 m m . b is c u it  cu t fr o m  the e d g e s  of the 
s ix  day o ld  c o lo n y . E v e r y  in o c u la te d  d ish  w as w rap p ed  w ith  a double  
fo ld  o f g r e e n , r ed , b lu e  and y e llo w  ce llo p h a n e  p a p er . U nw rapped  
d is h e s  s e r v e d  as w h ite . A n oth er  s e t  of in o c u la te d  d is h e s  w as e n ­
c lo s e d  in  s m a ll  l ig h t  p ro o f c a rd  b o a rd  b o x  to  k eep  in  c o m p le te  d a r k ­
n e s s .  A ll the d ish e s  w ere  th en  put d ir e c t ly  under f lo u r e s c e n t  l ig h t  and  
at a te m p e r a tu r e  o f 3 0 °  C. The o b se r v a t io n  w as tak en  e v e r y  d ay for  
f iv e  days fr o m  the se c o n d  day of g row th . The d ia m e te r  o f the co lo n y  
w as m e a s u r e d  fo llo w in g  the s y s t e m  d e s c r ib e d  in  p r e v io u s  e x p e r im e n ts .
T he sp o r u la tio n  o f the i s o la t e s ,  L  1, L  2 , D 1 and D 2 w as o b ­
s e r v e d  b y  g ro w in g  the fungus on s t e r i l i z e d  can e le a f - p ie c e s  as s u b s tr a ta .
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It w as found co n v en ien t to  e s t im a te  the in te n s ity  o f sp o ru la tio n  b y  v is u a l  
o b se r v a t io n .
The le a f  b la d es  of C o. 290 c o l le c te d  fr o m  the f ie ld  w ere  cut 
in to  s m a ll  p ie c e s  10 x  2 cm . and th r e e  o f th em  w e re  p la c e d  on m o is t  
f i l t e r  p a p ers  (d oub le la y e r s )  in  e a c h  p e tr i d ish . T h ree  su c h  d ish e s  w e re  
u s e d  for  e a c h  is o la te  and e a c h  lig h t tr e a tm e n t. T h e se  w ere  s t e r i l i z e d  
in  the a u to c la v e , in o c u la te d  w ith  a p p ro x im a te ly  the sam e am ou nt o f  
sp o r e  s u sp e n s io n , w rap p ed  w ith  d iffe re n t c o lo r e d  c e llo p h a n e s  and th en  
in cu b a ted  at 2 3 °  C . The in te n s ity  o f the sp o r u la tio n  w as d e te r m in e d  by  
v is u a l  e x a m in a tio n  a fter  10 d ays of g ro w th .
E ffe c t  of u lt r a v io le t  ra d ia tio n  on sp o re  population:
A b a c t e r ia - f r e e ,  a b u n d a n tly -sp o ru la tin g  cu ltu re  o f P h y sa lo s p o r a  
tu cu m a n e n s is  S p eg . w as u se d  in  the stu d y . F or  th is  p u rp o se  tw o d i f f e r ­
en t i s o la t e s ,  L  1 and D 1, w e re  u se d  s e p a r a te ly . The s p o r e s  w ere  o b ­
ta in ed  b y  w a sh in g  th em  fr e e  fr o m  the m y c e lia  on the o a tm e a l agar s la n t  
in  the t e s t  tu b e .
The sp o r e  su sp e n s io n  w as th en  f i l t e r e d  th rou gh  a s t e r i le  fu n n el 
w ith  co tto n  as the f i l te r in g  a g en t. T he f i l tr a te  c o n s is t e d  of a su s p e n s io n  
o f s p o r e s  fr e e  o f  o r g a n ic  d e b r is  and o th er  p a r t ic le s  w h ich  co u ld  a b so rb  
U -V  ra d ia tio n  and p rod u ce co n fu sin g  r e s u l t s .
A p o r tio n  of the sp o r e  s u sp e n s io n  w as p la c e d  in the c e l l  c o u n t­
in g  ch a m b er  (h a e m a c y to m e te r )  and a rea d in g  m a d e . The nu m ber of 
s p o r e s  p er  m l. w a s  a d ju sted  to  105, 000 in  the c a s e  o f both  the dark  and
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the lig h t i s o la t e s  by  m aking ap p ro p ria te  d ilu tio n s .
The sp o r e  su s p e n s io n  w as th en  ta k en  in  125 m l. s t e r i le  qu artz  
f la sk s  w h ich  tr a n sm it te d  u ltr a v io le t  ra d ia tio n  and su b jec ted  to  ra d ia tio n  
fr o m  a G .E . , 15 W. 110 V , u ltr a v io le t  g e r m ic id a l la m p , m ou n ted  20 
in c h e s  fr o m  the ra d ia tio n  s ite  and eq u ip p ed  w ith  a p o lish e d  m e ta l r e ­
f le c t o r .  A  s lo w  sp e e d  s t ir r e r  a d ju sted  to  60 R. P .M . r e v o lv e d  the 
q u artz  f la s k  so  th at the s p o r e s  w ere  u n ifo r m ly  e x p o se d  to  ra d ia tio n .
The g e r m ic id a l  la m p  w as a tu b u lar la m p  w ith  a hot cathode at e ith e r  
ends and o p era ted  at an a r c  c u r re n t of 0. 31 a m p e r e s .
The sp o r e  s u sp e n s io n  w as su b je c te d  to  the r a d ia tio n  for  120, 
180, 2 4 0 , and 360 s e c o n d s . A fter  the f i r s t  th r e e  e x p o s u r e s , 0. 1 m l.  
in  s e v e r a l  lo t s ,  w as draw n o ff fr o m  the f la s k  con ta in in g  the sp o r e  s u s ­
p e n s io n . T h ese  lo ts  w ere  draw n a fter  e a c h  d o se  had b e e n  g iv e n . U sing  
the p ro p er  d ilu tio n s , s a m p le s  having sp o r e  c o n c en tr a tio n s  o f a p p r o x i­
m a te ly  10, 21, 4 1 , 105 and 1050 p er  m l. w e re  m ad e. T h is  w as a ls o  
done by u s in g  0. 1 m l. in  s e v e r a l  lo ts  b e fo r e  th e ra d ia tio n  w as begun  
for  u se  a s  c o n tr o l. A fter  the la s t  e x p o s u r e , th e  su sp e n s io n  in  the f la s k  
w as u s e d  w ith out d ilu tio n .
O atm ea l agar  p la te s  w ere  th en  in o c u la te d  w ith  1 m l. of e a ch  
o f the c o n c e n tr a t io n s . T h ere  w e re  th r e e  r e p lic a t io n s  fo r  e a c h  c o n c e n ­
tr a t io n  un d er e a c h  e x p o s u r e . T h is  g a v e  a to ta l of 3 (p e tr i d is h e s )  x  
5 (d o s e s  p lu s c o n tr o l)  x  5 (c o n c e n tr a tio n s )  or. 75 p etr i d ish e s  o f e a c h  
i s o la t e .
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The in o c u la te d  p e tr i d ish e s  w ere  th en  a llo w e d  to  r e m a in  at a 
c o n sta n t tem p er a tu r e  o f 23° C for  a w eek . D e ter m in a tio n s  o f su r v iv a l  
o f  the s p o r e s  w e r e  m ad e by counting  th e n u m ber o f c o lo n ie s  fo r m e d  and  
the d ev e lo p m en t o f m u ta n ts , i f  any, durin g  th is  p e r io d .
E ffe c t  o f u ltr a v io le t  ra d ia tio n  on grow th  and sp o r u la tio n :
The m eth o d  fo llo w e d  w as th e sa m e as in  the p r e ce d in g  t e s t .
The sa m e  is o la t e s  w e re  u se d . T h ey  w ere  grow n  s e p a r a te ly  for  th ree  
days on o a tm ea l agar b e fo r e  b e in g  su b je c te d  to u ltr a v io le t  ra d ia tio n  at 
e x p o s u r e s  for  120, 180 , 240 and 360 s e c o n d s . T he lid s  o f the p la te s  
w e re  r e m o v e d  during th e e x p o su r e s  and w e re  r e p la c e d  im m e d ia te ly  
a fte r  the d e s ir e d  len g th  o f t im e . The p la te s  w ere  then in cu b a ted  a t the  
co n sta n t te m p er a tu r e  o f 23° C and the co lo n y  grow th  w as m e a s u r e d  
e v e r y  24 h o u rs . O b serv a tio n s  on sp o r u la tio n  w e re  m ad e at the en d  of 
the se v e n th  day.
E ffe c t  of r e la t iv e  h u m id ity  on the g e r m in a tio n  o f c o n id ia :
The e f f e c t  o f v a r io u s  r e la t iv e  h u m id ity  l e v e l s  on the g e r m in a ­
t io n  of co n id ia  o f  the tw o lig h t i s o la t e s ,  L 1 and L 2 and the tw o dark  
i s o la t e s ,  D 1 and D 2 , w as d e te r m in e d . The p r in c ip le  in v o lv e d  w as  
th a t the sa tu r a tio n  of th e  a ir  above a g iv e n  so lu tio n  of so d iu m  c h lo r id e  
v a r ie d  in v e r s e ly  w ith  th e co n c en tr a tio n  o f the s a lt  d is s o lv e d  th e r e in  and  
the h u m id ity  w as sa id  to  r e m a in  co n sta n t th ough  the te m p e r a tu r e  m ig h t  
v a r y . T he fo llo w in g  ta b le  o f the am ou nt o f s a lt  and r e la t iv e  h u m id ity  
a s  p r e p a r e d  b y  ChPvcdhury (1944) fo llo w e d  the m eth o d  d e s c r ib e d  by
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L e sa g e  (1 8 9 5 ) and w as u se d  in  th is  stu d y .
T ab le  I. V a r io u s R e la tiv e  H u m id ities  w ith  C o rresp o n d in g  A m ount of 
S od iu m  C h lor id e  in  100 m l. o f w a ter  (ChQVfdhury, 1944).
G ra m s o f Sod ium  C h lor id e R e la tiv e  H u m id ities
0 . 0 100
4 . 5 9 7 . 3
7 .0 9 5 . 7
1 0 .0 9 3 .4
12 . 0 9 2 .7
1 5 .0 9 1 .0
1 6 .0 9 0 . 0
C o n id ia l su sp e n s io n s  w ere  p r e p a r ed  by adding d is t i l le d  w a ter  
con ta in in g  oran ge ju ice  (0 . 1%) to  the s p o r e s  grow n  on s t e r i l i z e d  s u g a r ­
can e le a v e s ,  rubbing the su r fa c e  of the cu ltu re  l ig h t ly  w ith  a g la s s  rod  
and th en  f i l te r in g  the r e su lt in g  sp o re  su sp e n s io n  th rou gh  a th in  la y e r  
o f co tton  in  a g la s s  fu n n e l. T he ora n g e  ju ic e  w as added  to  d is t i l le d  
w a ter  to  a c t  as a s t im u la n t, s in c e  the fungus s p o r e s  g e r m in a te d  v e r y  
p o o r ly  in  d is t i l le d  w a te r . T he d e s ir e d  d e n s ity  o f sp o r e  s u sp e n s io n  w as  
o b ta in ed  b y  u s in g  a  h a e m a c y to m e te r .
A  drop  of sp o r e  s u sp e n s io n  w as sp r e a d  on the s lid e  w h ich  w as  
d r ie d  in  vacu o  o v e r  C a lc iu m  C h lo r id e  and a d h ered  w ith  a s c o tc h  tap e to
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the in n er  su r fa c e  of the lid  of the p e tr i d ish  con ta in in g  the d e s ir e d  c o n ­
c en tr a tio n  o f so d iu m  ch lo r id e  so lu tio n . The lid , a fter  b e in g  p la ced  
o v e r  the d ish , w as s e a le d  w ith  a m ix tu re  of p ara ffin  and v a s e l in e .
A ll the d ish e s  w ere  th en  kep t at a co n sta n t tem p er a tu r e  o f 2 3 °  C.
S p o re s  w e re  ex a m in ed  a fter  24 h ou rs and p e r ce n ta g e  of g erm in a tio n  
w as r e c o r d e d .
E ffe c t  of m o is tu r e  on the fo r m a tio n  of p e r ith e c ia :
Y e llo w  (m atu red ) le a f  b la d es  of cane v a r ie ty  Co. 290 w ere  
u se d  as su b s tr a ta  for  ea ch  of the tw o i s o la t e s  L 2 and D 3 a t v a r io u s  
m o is tu r e  l e v e l s .  T h ey  w ere  cut in to  p ie c e s  about 10 x  2 c m . and two* 
p ie c e s  w e re  u s e d  in  e a c h  t e s t  tu b e . T h ree  tu b es w e re  u se d  fo r  e a ch  
tr e a tm e n t  at v a r io u s  m o is tu r e  l e v e l s .  V a r io u s m o is tu r e  l e v e l s  w ere  
m ad e b y  adding 1, 2, 3, 4 , 5, 6, 7 and 8 m l. of w a ter  p er  tu b e . The 
le a f  p ie c e s  a fter  b e in g  p la c e d  in  c o tto n -p lu g g ed  t e s t  tu b es  con ta in in g  
the r eq u ir ed  am ou nt of w a te r , w e re  a u to c la v e d  at 17 lb . p r e s s u r e  for  
20 m in u te s . T he le a v e s  w ere  in o c u la te d  w ith  eq u a l am ou nt of sp o re  
su sp e n s io n  and th en  in cu b a ted  at the ro o m  te m p e r a tu r e . The data o b ­
ta in ed  w ere  the n u m b ers of p e r ith e c ia  fo r m e d  p er  l e a f - p ie c e s .
E ffe c t  o f te m p e r a tu r e  on the fo rm a tio n  o f p e r ith e c ia :
Two e q u a l- s iz e d  le a f - p ie c e s  w e re  p la c e d  in  e a ch  o f s e v e r a l  t e s t  
tu b es con ta in in g  6 m l. o f w a ter  and a u to c la v e d . The tu b es w e re  then  in -  
c u ia te d  at v a r io u s  te m p e r a tu r e s  fo r  20 d a y s , a fter  w h ich  p e r io d  r e s u lt s  
w ere  n oted  b y  counting the n u m b ers of p e r ith e c ia  p er  le a f - p ie c e .  T h ere
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w ere  th re e  tu b es for e a c h  tr e a tm e n t and the a v e r a g e  w as r e c o r d e d .  
E ffe c t  o f ra d ia tio n s  and d a rk n ess  on the fo r m a tio n  o f p e r ith e c ia :
T h is stud y  a ls o  in c lu d ed  the sa m e  lig h t and the d ark  i s o la t e s ,  
and th e su b str a tu m  u s e d  w as dry  le a f  b la d e . T he in o cu la ted  tu b es  w e r e  
p la c e d  under v a r io u s  c o lo r e d  c e llo p h a n es  or k ep t in  d a rk n ess  a s  d e ­
s ir e d .  The c u ltu r e s  w ere  k ep t at the co n sta n t tem p er a tu r e  o f 2 3 °  C .
The r e s u lt s  w e re  r e c o r d e d  a fter  20 days of in o c u la tio n  by  cou ntin g  the  
n u m b ers  of p e r ith e c ia  fo r m e d  p er  le a f - p ie c e .
In flu en ce of d iffe re n t p a r ts  of su g a r ca n e  on the fo rm a tio n  o f p e r ith e c ia : 
In th is  stu d y , the lig h t  and the dark  i s o la t e s  w ere  the sa m e  as  
th o se  u se d  in  th e p reced in g  e x p e r im e n ts . The m e d ia  s tu d ied  w ere  
g r e e n  le a f  b la d e , y e llo w  (m atu red ) le a f  b la d e , d ry  le a f  b la d e , g r e e n  
m id -r ib ,  d ry  m id -r ib ,  young le a f  sh e a th , o ld  le a f  sh ea th , r in d , b a g a s s e  
and r o o t. The p ie c e s  o f v a r io u s  m e d ia  u se d  w e r e  ta k en , as fa r  as  
p o s s ib le ,  in  eq u a l s i z e .  E a ch  one o f  the s u b s tr a te s  w as p la c e d  in  a 
t e s t  tube con ta in in g  6 m l. o f w a ter  s t e r i l i z e d  at 17 lb . p r e s s u r e  fo r  20  
m in u te s  and in o c u la te d  w ith  th e d a rk  and the l ig h t  is o la te  s e p a r a te ly .  
T h ere  w ere  th r e e  t e s t  tu b es  fo r  e a c h  of the tr e a tm e n ts . The data w e r e  
r e c o r d e d  by  noting  the in te n s ity  o f p e r ith e c ia  in  e a c h  tube a fte r  th r e e  
w e ek s  o f in cu b a tio n  at ro o m  te m p e r a tu r e .
R e la tio n sh ip  o f the lig h t  and the d ark  is o la te s :
T h is  stu d y  w as u n d ertak en  to s e e  w h eth er  or not th e lig h t  and  
the d ark  is o la t e s  b red  tr u e . The p e r fe c t  s ta g e  of the fungus w as
31
p ro d u ced  on the s t e r i le  le a f  p ie c e s  o f su g a rca n e  (P la te  I). A ll s ix  
i s o la t e s  w e r e  t e s t e d  s e p a r a te ly  as w e ll  a s  in  co m b in a tio n  of the lig h t  
and the dark  is o la te  fo r  the fo rm a tio n  of p e r ith e c ia .
The p ro ced u re  fo llo w e d  in  the a s c o s p o r e  is o la t io n s  w as the  
sa m e  in  a l l  c a s e s .  M a te r ia ls  b e a r in g  the p e r fe c t  s ta g e  o f the o r g a n ism  
w e r e  r e m o v e d  fr o m  the te s t  tu b es and w ith  a s t e r i le  n e e d le , the p e r i-  
th e c iu m  w as dug out b y  g e n tly  s lip p in g  the tip  o f the n e e d le  in to  the  
t i s s u e .  T he p e r ith e c iu m  thus taken fro m  the le a f  t is s u e  w as p la c e d  in  
a drop of s t e r i le  w a ter  on a s l id e .  The p e r ith e c iu m  w as th en  c r u sh e d  
w ith  the sa m e  n eed le  on the s ta g e  o f  a d is s e c t in g  m ic r o sc o p e  and the  
a s c o s p o r e s  w ere  tr a n sp la n te d  to  an agar drop hanging in  a Vein T ie g h e m  
c e l l .  T hen b y  m ea n s  of a m ic r o  m a n ip u la to r  s in g le  s p o r e s  w e re  p ick ed  
up and e a ch  p lan ted  in  a s t e r i le  s in g le  drop  of potato  d e x tr o se  a g a r .
A s c o s p o r e s  fr o m  e a c h  a s c u s  and a lso  fr o m  e a ch  p e r ith e c iu m  
w e r e  o b ta in ed  s e p a r a te ly  and p la ted  on o a tm e a l a g a r . T he c o lo r  o f  the  
c o lo n y  d ev e lo p ed  w as n o ted  w ith in  4 -5  d ays of in o c u la tio n .
S u r v iv a l o f  a  lig h t and a dark  is o la te  in  s o i l :
To t e s t  the s u r v iv a l  c a p a c ity  o f the lig h t  and the dark  is o la te  in  
s o i l ,  the s o i l  c u ltu r e s  w e re  p r e p a r e d  b y  m ix in g  co n id ia  in  s t e r i l i z e d  and  
u n s t e r i l iz e d  s o il 'u s in g  the lig h t  is o la te  L 1 and the dark  is o la te  D 1 
s e p a r a te ly . T h e r e a fte r  a ttem p ts  at r e is o la t io n  w e re  m ad e at 4 -w e e k  
in t e r v a ls .
P la te  I. P e r fe c t  Stage of P h y sa lo sp o r a  tu cu m a n e n s is  
S p eg . (C o lle to tr ic h u m  fa lc a tu m  W ent) 
p rod u ced  a r t i f ic ia l ly  on s t e r i l i z e d  le a f - p ie c e s  
of su g a r c a n e .
P L A T E  I
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The s o i l  w as o b ta in ed  fr o m  a p lo t w h ich  had not b een  p lan ted  
w ith  s u g a r c a n e , w as p a s s e d  th rou gh  a fin e  s ie v e ,  w e ig h ed  and d i s t r i ­
b u ted  in  t e s t  tu b es  in  lo ts  of one g r a m  p er tu b e . T h ere  w e re  24 tu b es  
o f s t e r i l i z e d  s o i l  and 24 tu b es o f n o n - s t e r i l i z e d  s o i l .
To e a c h  tube con ta in in g  one g r a m  o f s o i l  w as th en  added 1 /4  
m l. o f sp o r e  s u sp e n s io n  a d ju sted  to a p p ro x im a te ly  4000  s p o r e s  p er  
1 m l. The tu b e s , a fter  p lu g g in g , w ere  a llo w ed  to  r em a in  in  the la b o r a ­
to r y  at ro o m  te m p e r a tu r e . One tube fr o m  e a c h  s e t  w as ta k en  out e v e r y  
fou r w eek s and the n u m b ers o f su r v iv in g  s p o r e s  in  the s o i l s  w ere  q u a n ti­
ta t iv e ly  e s ta b lis h e d  b y  the d ilu tio n  m eth od  of W aksm an (1 9 2 2 ).
G reen h o u se  E x p e r im e n t  
R e la tio n  o f s o i l  m o is tu r e  to p a th o g e n ic ity :
T h is e x p e r im e n t  w as d e s ig n e d  to d e te r m in e  p a th o g e n ic ity  o f a 
l ig h t  and a d ark  is o la te  at v a r io u s  m o is tu r e  l e v e l s  and a ls o  to  note the  
l e v e l s  a t w h ich  the r e d -r o t  fungus w as m o s t  in fe c t iv e  to  su g a r ca n e  s ta lk s .
T he e x p e r im e n t  w as done in  tw o s e r i e s .  In one s e r i e s ,  cu ttin g s  
o f C o. 290 v a r ie ty  fr o m  the top  of the s ta lk s  and p r e su m e d  to  be d i s e a s e - 
f r e e ,  w e r e  in o c u la te d  w ith  one lig h t  (L  1) and one dark  is o la te  (D  1) 
s e p a r a te ly  and kep t at v a r io u s  s o i l  m o is tu r e  le v e l s  su ch  as a ir  d ry , 30 , 
4 0 , 5 0 , 60 and 70 p er  c en t o f f ie ld  c a p a c ity . In the s e c o n d  s e r i e s ,  c u t ­
tin g s  of th e s ta lk s  o f the sa m e  v a r ie ty  a f fe c te d  w ith  r e d -r o t  w ere  u se d  
and the s o i l  m o is tu r e  le v e l s  m a in ta in e d  w e r e  a ir  d ry , 20 , 30 , 4 0 , 50 ,
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60 , 70 and 80 per cen t o f f ie ld  c a p a c ity . The s e c o n d  stu d y  w as m ad e to  
note the c o m p a ra tiv e  sp r e a d  of the d is e a s e  a t d if fe re n t s o i l  m o is tu r e  
l e v e l s  in  the a r t i f ic ia l ly  and n a tu r a lly  in fe s te d  c a n e s .
It w as n e c e s s a r y  to  d e te r m in e  the p e r ce n ta g e  o f m o is tu r e  a l ­
rea d y  in  the s o i l  to  be u s e d  in the e x p e r im e n t . T h is  w as d e term in ed  
b y  w eigh in g  out a sa m p le  o f s o i l  a fter  s t e r i l iz a t io n  and th en  d ry ing  the  
sa m e in  the hot a ir  oven  at 105° C o v e r  n ig h t. The w e ig h t of th e sa m p le  
w as tak en  b e fo r e  and a fter  the d ry in g  and the m o is tu r e  co n ten t w as  
d e te r m in e d . The m o is tu r e  co n ten t of the s o i l  a fter  s t e r i l iz a t io n  w as  
found ou t to  be 16. 6 g r a m s  per e v e r y  100 g r a m s  of s t e r i l i z e d  s o i l  
(a v e r a g e  of tw o s a m p le s ) .
The w a ter  hold ing c a p a c ity  o f the s o i l  w as d e te r m in e d  by  
sa tu ra tin g  100 g r a m s  o f s t e r i l i z e d  s o i l  and a llo w in g  e x c e s s  w a ter  to run  
o ff . The am ount o f w a ter  r e ta in e d  b y  e a c h  sa m p le  o f s t e r i l i z e d  s o i l  w as  
d e te r m in e d  to  be 18. 1 g r a m s  p er  100 g r a m s o f s t e r i l i z e d  s o i l  (a v e r a g e  
of two s a m p le s ) .  T h e r e fo r e , 34 . 7 g r a m s ( 1 6 .6  g r a m s  p lu s 18. 1 g r a m s)  
o f  w ater  w as n e c e s s a r y  to  sa tu r a te  e v e r y  8 3 .4  g ra m s of d ry  s o i l .
On the sa m e b a s i s ,  4 1 . 6 g r a m s  of w a ter  w e re  r e q u ir e d  to f ie ld  
sa tu r a te  e v e r y  100 g r a m s  o f dry  s o i l .
S in ce  100 g r a m s  o f  dry  s o i l  r e q u ir e s  4 1 .6  g r a m s of w a ter  to  
r e a c h  f ie ld  c a p a c ity  (100%) on d ry  b a s i s ,  the 50% le v e l  w il l  r eq u ir e  a 
to ta l of on ly  20 . 8 g r a m s o f w a te r . W ith s t e r i l i z e d  s o i l  a t a m o is tu r e  
l e v e l  o f 1 9 .9  g r a m s  p er  100 g r a m s  of dry  s o i l ,  the d if fe r e n c e  in  the tw o
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v a lu e s ,  ( 2 0 .8  - 1 9 .9  = 0 .9  g r a m s  of w a ter) m u st be added  to  e v e r y  
1 1 9 .9  g ra m s o f s t e r i l i z e d  s o i l  to r e a c h  to 50% le v e l .  S im ila r  c a lc u la ­
tio n  w as m ade for  o th er  l e v e l s  o f m o is tu r e  above 50%.
F o r  ob ta in in g  m o is tu r e  le v e l s  b e lo w  50%, the w e ig h t am ou n ts  
o f s t e r i l i z e d  s o i l  w ere  f ir s t  d r ie d  in  a ir  and sun  a s  c o m p le te ly  as  
p o s s ib le  s in c e  the w ater  co n ten t a lr e a d y  e x c e e d e d  40% le v e l .  The lo s s  
of w a ter  w as d e te r m in e d  and the n e c e s s a r y  am ou nt o f w a ter  r e p la c e d  
to  a d ju st to 20%, 30% and 40% o f f ie ld  c a p a c ity  on dry  b a s i s .
S in ce  it  w as d if f ic u lt  to  m a in ta in  a co n sta n t m o is tu r e  co n ten t  
b y  pou rin g  w a ter  fr o m  tim e to  tim e  on the s o i l ,  i t  w as n e c e s s a r y  to  
adopt s p e c ia l  p r e c a u tio n s . The d e s ir e d  am ount of s o i l  w as p la c e d  in  a 
la r g e  tub and the am ount o f w a ter  n e c e s s a r y  to  b r in g  the m o is tu r e  co n ten t  
to  d if fe r e n t p e r c e n ta g e s  of f ie ld  c a p a c ity  w as add ed . A fter  the r e q u ir e d  
am ou nt o f w a ter  w as added, the s o i l  w as s t ir r e d  u n til the w a ter  w as  
e v e n ly  d is tr ib u te d . The in o c u la te d  ca n e  cu ttin g s  (1 2  in e a c h  lo t)  w ere  
th en  p la n ted  in  e a c h  s o i l  lo t  o f d if fe r e n t m o is tu r e  le v e l s  ta k en  in  the tin  
c a n s . A fter  the p lan tin g  o f the c a n e s , a tw o in ch  la y e r  o f  d ry  s o i l  w as  
added  on the top  of e a c h  s o i l  lo t  and e a c h  tin  can w a s th en  c a r e fu lly  
c o v e r e d  w ith  ta r  p a p er . T he p u rp o se  o f a d ry  la y e r  o f s o i l  and ta r  
p ap er  w as to  p r e v e n t  e x c e s s iv e  lo s s  o f m o is tu r e . The w e ig h t o f the can , 
s o i l ,  w a ter  and c a n e s  w as n o ted  b e fo r e  and a fter  c o m p le tio n  o f the e x ­
p e r im e n t  to  e s t im a te  the m o is tu r e  lo s s  tak ing  p la c e . S u ch  lo s s  i s  g iv e n  
in  T ab le  II.
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T able II. W eight of C ans w ith  th e ir  C ontents at V a r io u s M o istu re  L e v e ls  
B e fo r e  and A fter  One M onth.
M o istu re  
le v e l  (%)
W t. of ca n s in  lb s .  
at beg in n in g
Wt. o f can s in  lb s .  
at end
M o istu re  
range (%)
20 1 6 8 .5 166. 2 2 0 .0  -  19. 7
30 155. 7 153. 6 30 . 0 -  29 . 6
40 153. 3 1 5 0 .0 4 0 .0  - 39 . 1
50 166. 0 162. 2 5 0 .0  - 4 8 .9
60 1 6 4 .4 160. 1 60 . 0 - 5 8 .4
70 168. 3 1 6 5 .9 7 0 .0  - 69 . 0
80 170. 3 167. 8 8 0 .0  - 7 8 .8
The m o is tu r e  ran ge o f the o th er  s e r ie s  w as a ls o  s im i la r ly  c a l ­
c u la te d  and m o re  or l e s s  the sam e d e g r e e  o f v a r ia tio n  w as n o t ic e d .
o
The e x p e r im e n t  w as con d u cted  in  the g r ee n h o u se  a t 75 - 80 F .
F ie ld  E x p e r im e n ts  
P a th o g e n ic ity  o f th e i s o la t e s :
The lig h t  i s o la t e s ,  L  1 and L 2 and  the tw o d ark  i s o la t e s ,  D 1 
and D 2 , w e re  t e s t e d  in  the f ie ld  as to  th e ir  p a th o g en ic ity  a g a in s t  s e v e r a l  
v a r ie t ie s  o f c a n e s .  The v a r ie t ie s  u s e d  w e r e  C .P .  3 4 -1 2 0 , C o. 290 ,
C .P .  3 6 -1 3 , C. P . 36-105, C. P . 4 4 -1 0 1  and N . Co. 310 .
The s ta lk s  w e re  in o c u la te d  b y  b o r in g  a h o le  a t one in tern o d e  
th rou gh  w h ich  the in ocu lu m  w as a p p lied  d ir e c t ly  by  m ea n s o f a d ro p p er . 
An eq u a l am ou n t o f sp o re  su sp e n s io n  w as added p er  h o le . The in o c u la te d  
s ta lk s  w ere  th en  p la n ted  in  the f ie ld . T w elv e  s ta lk s  w e r e  in o c u la te d  w ith  
e a ch  is o la t e  fo r  e a c h  v a r ie ty . F ou r s ta lk s  in  e a c h  c a s e  w e re  dug out at
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the end of a m onth  and e x a m in ed  to  d e term in e  the ex ten t of d am age.
N o fu rth er  o b se r v a tio n  w as m ade a fter  the se c o n d  d igging as so m e  of
the v a r ie t ie s  had c o m p le te ly  d e te r io r a te d  by that t im e . The e x te n t of
d am age w as m e a s u r e d  by coun tin g  the n u m b ers of in tern o d es  a ffe c te d .
The e f fe c t  of ra toon  stu n tin g  v ir u s  on the p a th o g en ic ity  o f the i s o l a t e s :
S tu d ies  w ere  c a r r ie d  o u t(d esig n ed )to  fin d  out w h eth er  or not
the p r e se n c e  of the ra to o n  stu n tin g  v ir u s  m ade any d iffe re n c e  in  the
s u s c e p t ib il i ty  o f d if fe r e n t v a r ie t ie s  to w a rd  P h y sa lo sp o r a  tu cu m a n e n s is
S p eg . and it s  d if fe r e n t i s o la t e s .  In th e se  s tu d ie s  s ta lk s  o f v a r ie t ie s
o
tr e a te d  w ith  hot a ir  at 54 C for  8 h ou rs w ere  c o n s id e r e d  to  be d i s e a s e -  
f r e e ,  w h ile  the n o n -tr e a te d  ones w ere  c o n s id e r e d  to  be in fe c te d  w ith  the 
stu n tin g  d is e a s e .
T he four i s o la t e s ,  L 1, L  2, D 1 and D 2 'w e re  u se d  s e p a r a te ly  
to  in o cu la te  the tr e a te d  and the n o n -tr e a te d  c a n e s .
The d e g r ee  o f s u s c e p t ib il i ty  o f the tr e a te d  and the n o n -tr e a te d  
c a n e s  w as d e te r m in e d  b y  ex a m in in g  s p lit  ca n es  and noting  the r e la t iv e  
lo n g itu d in a l sp r ea d  o f the d is e a s e  in  the s ta lk s  one m on th  su b seq u en t to  
in o c u la tio n .
E X PE R IM E N T A L  R E SU L TS
L a b o ra to ry  E x p e r im en ts
M ea su r e m en ts  of c o n id ia  o f the i s o la te s :
The le n g th  o f 200  co n id ia  of e a ch  o f the s ix  i s o la t e s  of 
P h y sa lo s p o r a  tu c u m a n e n s is  S p eg . w as m e a s u r e d  and r e c o r d e d  in  
T able in .
It w ill  be s e e n  th at the la r g e s t  num ber of s p o r e s  o f a l l  o f  the  
s ix  is o la t e s  w as in  the ra n ge  of 23 . 1 to  2 7 .0  u . The la r g e s t  s p o r e s  of 
is o la te  D 2 and D 3 (d a rk  i s o la t e s )  w as in the range o f 3 1 .1  to  35 . O u  
w h ile  so m e o f the s p o r e s  of a l l  the lig h t  i s o la t e s  and the d ark  is o la te  
D 1 w e re  in  the s t i l l  h ig h er  range o f 3 5 . 1 to  39 . 0 u . A p red o m in a n ce  
of la r g e r  s p o r e s  in  the lig h t  i s o la te s  o v er  the dark is o la t e s  w as n o ticed , 
but th e r e  w as not m u ch  d iffe r e n c e  b e tw een  th e g e n e r a l m e a n s  o f a l l  the  
dark  is o la t e s  and the lig h t  i s o la t e s .  T he g e n e r a l m ea n  o f th e s p o r e s  
of the d ark  i s o la t e s  w as 2 5 .4  u and th a t o f the s p o r e s  of the lig h t  i s o ­
la te s  w as 25 . 7 u .
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T ab le  III. F r e q u e n c y  o f L en gth  o f Tw o H undred S p o res  o f T h ree  L ig h t and T h ree  D ark  I so la te s  of 
P h y sa lo s p o r a  tu cu m a n e n s is  S p eg .
C la s s  v a lu es  in  m ic r o n s and th e ir  fr e q u e n c ie s
Iso la te 15. 1 - 1 9 . 0 19. 1 -  23 . 0 23 . 1 -  27 . 0 2 7 . 1 -  3 1 .0 31. 1 - 3 5 . 0 35. 1 -  3 9 .0
L 1 14 20 82 53 23 8
L  2 7 22 73 51 35 12
L 3 4 35 79 45 32 5
D 1 3 20 101 48 22 6
D 2 11 23 129 30 7 0
D 3 15 21 133 22 9 0
w
vO
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E ffe c t  of d ifferen t cu ltu re  m e d ia  on. grow th:
The gro w th  o f e a c h  o f the is o la t e s  L  1, L  2 and L 3 (lig h t  
s tr a in s )  and D 1, D 2 and D 3 (d ark  s tr a in s )  w as s tu d ied  on fiv e  d if ­
fe r e n t  m e d ia . U n iform  p e tr i d ish e s  w e re  u s e d  and an eq u a l qu antity
o f m e d ia  w as p la c e d  in  e a c h  p la te . A fter  the in o c u la t io n s , the p e tr i
o
d ish e s  w ere  in cu b a ted  at 23 C fo r  s ix  d a y s , at the end of w h ich  tim e  
the d ia m e te r s  of the c o lo n ie s  in  tw o d ir e c t io n s  at r ig h t a n g le s  to  e a ch  
o th er  w e r e  m e a su r e d . The a v e r a g e  m ea n  gro w th  i s  p r e se n te d  in  
T ab le  IV and F ig . 1.
It w as found th at the dark  i s o la t e s  a s  c o m p a red  to  the lig h t  
o n es  d id  not sh o w  any a p p re c ia b le  d if fe r e n c e  in  th e ir  ra te  o f g ro w th  
on the f iv e  m e d ia  tr ie d . I so la te  L 1 gave the b e s t  grow th  and Li 2 the  
l e a s t  a s  c o m p a red  w ith  a l l  o th er  is o la t e s  on a ll  m e d ia . It had b e e n  
found th at o a tm e a l a g a r , F r ie s  a g a r , and potato  d e x tr o se  a g a r  w e re  
r e la t iv e ly  b e tte r  s u ite d  than  th e o th er tw o m e d ia  for  th e grow th  o f  
P h y sa lo s p o r a  tu cu m a n e n s is  S p eg .
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T ab le  IV. G row th  of D a rk  and L ig h t  I s o la t e s  on D if fe r e n t  M edia
 A v e ra g e  d ia m ete
R ic h a r d 's  
I s o la t e s ______ P . D. A. A gar
D 1 6 8 .7 5  4 9 .2 5
D 2 6 8 .2 5  4 8 .0 0
D 3 6 7 .7 5  4 9 .7 5
L  1 7 1 .2 5  5 0 .2 5
L  2 55 . 75 41 .  75
L  3 62 . 75 50 . 75
r of g ro w th  in  m m  a fter  s i x  days
O a tm ea l C za p ek 's  F r i e s  
A gar________ A gar________ A gar
6 9 .0 0  4 7 .2 5  7 0 .2 5
6 8 .7 5  4 6 .7 5  7 0 .0 0
6 9 .5 0  4 7 .  25 6 9 .7 5
7 1 .2 5  4 9 .2 5  7 1 .5 0
6 4 .2 5  3 9 .5 0  65 . 00
6 4 .0 0  4 9 .0 0  6 6 .5 0
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E ffe c t  o f  d if fe re n t  pH l e v e l s  on g r o w th :
T his  stud y  w as c a r r ie d  out to find out w h ether  the s ix  i s o la t e s
under stud y  had d if feren t  H - io n  r e la t io n s  r e g a r d in g  th e ir  ra d ia l
g row th . P otato  d e x tr o se  agar  w as u s e d  as th e  m e d ia ,  to w h ich  m ix e d
buffer  s o lu t io n s  w e re  added in  d if fe re n t  lo ts  to  obtain  a ran ge  of pH
l e v e l s .  The d if fe re n t  l e v e l s ' o f  pH s tu d ied  w e re :  4 . 1 ,  4 . 8 ,  5 .0 3 ,  5 .7 ,
6 . 0 ,  7 . 1 ,  8 .  0 and 9. 2.
F ou r  p la tes  w e re  p o u red  f r o m  e a ch  a liq uot for  e a c h  of the
i s o l a t e s  and in o c u la te d  w ith  e a c h  of th em . T h e se  p la te s  w e r e  then  
o
in cu b ated  at 25 C for  s i x  d a y s .  The r e s u l t s  obta ined  a re  p r e s e n t e d  
in  T able  V and F ig .  2.
It w as found that the o p t im u m  pH of the cu ltu re  m e d iu m  for the  
s ix  i s o la t e s  la y  b e tw e en  5. 03 and 6. 0. A ll  th e  l ig h t  i s o la t e s  under  
study, in  g e n e r a l ,  gave b e tter  grow th  in  the a c id  range  w h e r e a s  the  
dark i s o la t e s  g r e w  b e t te r  in  the a lk a l in e  ra n g e  of pH.
T ab le  V. G row th  o f  D if fe r e n t  D a rk  and L igh t I so la te s  at D if fer en t  pH L e v e l s .
A v e r a g e  d ia m e te r  of grow th in  m m a fter  s ix days
I s o la t e s 4 .  1 4 . 8 5. 03 5. 7 6 . 0 7. 1 8 . 0 9 . 2
D 1 15. 00 61. 25 80. 50 8 8 , 75 80. 75 7 8 .2 5 77. 00 70. 50
D 2 17. 25 64 . 00 82. 50 9 0 .0 0 81. 00 7 9 .0 0 78. 00 69. 25
D 3 16. 25 64. 00 85 . 75 9 1 .2 5 85. 75 8 3 .5 0 83. 00 72. 50
L  1 20. 25 72. 75 8 0 .2 5 89 . 25 81. 25 79. 25 77. 25 6 3 .5 0
L  2 23 . 25 73. 00 82. 00 89. 75 85. 00 80. 25 77. 75 61. 50
L  3 20. 25 7 2 .0 0 8 0 .0 0 8 9 .5 0 80. 75 78. 25 75. 75 62. 75
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E ffe c t  of d if fe re n t  s o u r c e s  of carb on  on growth, and sp oru la tion :
Two l ig h t  and two dark i s o l a t e s  w ere  u se d  in th is  s tud y  o f  the  
e f f e c t  o f  d if feren t  s o u r c e s  of carb on  on grow th  and sp o ru la t io n . The 
v a r io u s  s o u r c e s  of ca rb o n  u s e d  w ere :  g lu co se . ,  s ta r c h  ( s o lu b le ) ,
l a c t o s e ,  s u c r o s e  and m a l t o s e .  T h ere  w ere  th r e e  r e p l ic a t io n s  for  
e a c h  of the tr e a tm e n ts  under e a c h  i s o l a t e .  The in o c u la te d  d ish e s  w ere  
p la c e d  on the s h e l f  at 2 3 °  C. The d ia m e t e r s  of the c o lo n ie s  w ere  d e ­
te r m in e d  a fter  7 days of grow th . The a v e r a g e  grow th  of e a c h  co lon y  
w as com p u ted  and is  show n in  T able  VI and F ig .  3.
It a p p ea r s  th at the tw o dark i s o la t e s  g r e w  b e t te r  than the l ig h t  
i s o l a t e s  in  g lu c o s e  and la c t o s e  m e d ia .  The tw o ty p es  of i s o la t e s  did  
not sh o w  any d is t in c t  d if fe re n c e  when grow n on  m e d ia  con ta in in g  o ther  
c a rb o n  s o u r c e s .  M a lto se  w as  found to  be the p o o r e s t  s o u r c e  of carb on  
for  a l l  the i s o l a t e s .  S p oru la tion  in  a l l  i s o l a t e s  w as h igh  in  g lu c o s e  and  
s u c r o s e  m e d ia .
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Table VI. C a rb o h y d ra tes  in  R e la t io n  to G row th  and Sp oru la tion  of  
I so la te s  of P h y s a lo s p o r a  tu c u m a n e n s is  Speg.
S o u rce  of C arbon
A v e r a g e  d ia m e te r  in m m
S p oru la tionL igh t 1 L igh t 2 D ark  1 D ark  2
G lu co se 31. 6 32. 0 43 . 6 4 7 .  6 H igh
S ta rc h  (so lu b le ) 52 . 0 ' 49 . 3 58. 3 4 2 . 6 V e r y  low
L a c to se 4 3 .  3 46 . 3 52 . 3 50 . 6 *
S u c r o s e 4 0 .  0 4 5 .0 4 2 . 3 63 . 0 H igh
M a lto se 26 . 3 34. 6 34. 6 34 . 3 L ow
* L igh t i s o la t e s  sh o w ed  h igh  sp o r u la t io n  
D ark  i s o la t e s  sh o w ed  lo w  sp o r u la t io n
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E ffe c t  of d if fe re n t  s o u r c e s  of n itro g e n  on grow th  and sp oru la tion :
The s a m e  two lig h t  and two dark  i s o la t e s  u s e d  in  the p r e ce d in g  
e x p e r im e n t  w e re  u s e d  in  th is  s tu d y  of the e f f e c t  of d if fe re n t  s o u r c e s  of 
n itr o g e n  on th e ir  grow th  and sp o r u la t io n .  The v a r io u s  s o u r c e s  of 
n itr o g e n  u s e d  w e r e  p o t a s s iu m  n itra te ,  p o t a s s iu m  n i t r i te ,  u r e a  and  
a m m o n iu m  su lfa te .
The r e s u l t s  n o ted  a fter  7 days o f grow th  a re  p r e s e n t e d  in  
T able  VII and F ig .  4 .
F r o m  Table VII i t  a p p ea rs  that p o t a s s iu m  n i t r a te ,  in  
g e n e r a l ,  w as a good  s o u r c e  of n itr o g e n  for  the i s o la t e s  under study.
No g ro w th  of an y  of th e  i s o la t e s  took  p la c e  in  p o t a s s iu m  n i t r i t e ,  w h ich  
c o u ld  be  c o n s id e r e d  to  be  t o x ic .  U rea  w as found to be  a m o d e r a te ly  
fa v o r a b le  s o u r c e  of n i tr o g e n  fo r  a l l  the i s o l a t e s .  B o th  the dark  
i s o l a t e s  r e a d i ly  a b s o r b e d  p o t a s s iu m  n itra te  and a m m o n iu m  su lfa te ,  
but the l ig h t  i s o la t e s  s h o w ed  a m a r k e d  d if fe r e n c e  f r o m  the dark o n es  
in  th e ir  r e s p o n s e  to w a r d  a m m o n iu m  su lfa te  in  w hich  b o th  the dark  
i s o l a t e s  g r e w  v e r y  w e l l .
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Table VII. S o u r c e s  of N itr o g e n  in  R e la t io n  to G row th and S p oru la tion  
of the I so la te s  of P h y s a lo s p o r a  tu c u m a n e n s is  Speg.
S o u r c e s  of 
N itr o g e n
A v e ra g e  d ia m e te r  in  m m  
L igh t 1 L igh t 2 D ark  1 D ark  2 S p oru la tion
P o t a s s iu m
n itra te 1 8 .6 2 4 .6 15. 0 37. 6 i'i
A m m o n iu m
sulphate 5. 6 6 . 0 24. 6 24. 3
U rea 9 . 3 8 . 0 6 . 6 8 . 0
P o t a s s iu m
n itr ite 0 . 0 0 . 0 0 . 0 0 . 0
* P o t a s s iu m  n itra te:  B o th  l ig h t  i s o l a t e s  and dark i s o la t e  D 1 -
H igh  sp o r u la t io n
D ark  I so la te  D 2 - M od erate  sp o ru la t io n  
A m m o n iu m  su lph ate: A l l  i s o la t e s  - L ow  sp o r u la t io n  
Urea: A l l  i s o l a t e s  lo w  sp o r u la t io n .
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E ffe c t  o f  d if feren t  t e m p e r a tu r e s  on growth:
P ota to  d e x tr o s e  agar  w as u s e d  as  the m e d iu m  in  the s tud y .  
P e t r i  d ish e s  of u n ifo rm  s iz e  w e r e  u s e d  and 20 c c  o f  m e d iu m  w e r e  
p ou red  in to  e a ch . A ll  the s i x  i s o la t e s  w e r e  s tu d ied  and the in o c u la te d  
d ish e s  w e re  in cu b a ted  at 10, 15, 20, 2 5 ,  27 , 29 , 31, 33, 36 and 39 
d e g r e e  C en t ig r a d e .  The d ia m e te r  of g ro w th  o f the c o lo n ie s  w as r e ­
c o r d e d  d a ily  and th e ir  s i z e  a fter  s ix  d a y s 1 g ro w th  i s  show n in  T able  
V n i  and F ig .  5.
F r o m  T able  VIII it  a p p ea rs  th at a l l  the l ig h t  i s o la t e s  and the  
dark i s o la t e  D 2 g r e w  s lo w e r  at 36°  C. than at the lo w e r  t e m p e r a t u r e s .  
The g r o w th  of the i s o la t e  L 2, h o w e v e r ,  w as v e r y  s lo w  at the above  
te m p e r a tu r e  as c o m p a r e d  w ith  the g ro w th  o f the o th er  l igh t  i s o l a t e s .  
F u rth e r  it  w as found that a l l  the l igh t  i s o l a t e s  g r e w  b e t te r  a t  lo w e r  
t e m p e r a tu r e s  and the dark i s o la t e s  g r e w  b e t te r  at the h igh er  t e m p e r a ­
t u r e s .
The o p t im a l t e m p e r a tu r e  for  g ro w th  w as  in  the range of 2 9 °  -  
31 C . No grow th  w as  n o t ic e a b le  e i th e r  at 10° or 3 9 °  C.
T able  VIII. G row th  of the D ark  and L igh t I so la te s  at D if fer en t  T e m p e r a tu r e s
I so la te s
A v e r a g e  d ia m eter  in  m m .
10° c * 15° G 2 0 °  G 2 5 °  C 2 7 °  C 2 9 °  C 31° C 33° C 3 6 °  C 3 9 °  C
D 1 0 0 . 00 1 3 .5 0 3 6 .5 0 6 8 ,0 0 71. 75 8 0 .0 0 8 1 .0 0 7 1 .2 5 54. 00 0 0 . 00
D 2 0 0 . 00 15. 75 3 7 .2 5 6 8 . 00 70. 75 80. 25 80 . 25 6 9 .2 5 4 5 . 25 0 0 . 00
D 3 0 0 . 00 15. 75 3 6 .2 5 67. 00 7 0 .0 0 81 . 75 82. 00 70. 00 5 6 .5 0 0 0 . 00
L 1 0 0 . 00 2 0 .2 5 50 . 75 6 9 .0 0 75. 00 82 . 00 84 . 00 6 6 . 00 3 9 .0 0 0 0 .0 0
L  2 0 0 . 00 1 8 .5 0 4 9 .0 0 6 9 .0 0 7 3 .2 5 80. 00 80. 50 6 2 . 00 28 . 25 0 0 .0 0
L  3 0 0 . 00 2 1 . 00 50 . 00 7 0 .2 5 7 4 .2 5 80. 75 8 0 .2 5 62. 25 4 1 .0 0 0 0 . 00
* In s o m e  d is h e s  on ly  s l ig h t  g e r m in a t io n  w as  n o t iced .
u>
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T h e rm a l d eath  point of con id ia:
I so la te  L  1 and D 1 w e re  in c lu d ed  in  the stu d y  and the r e s u l t s  
obta ined  a r e  g iv en  in  T ab le  IX. The th e r m a l  death  point of both the 
i s o la t e s  ( l ig h t  and dark) w a s  found to  be the s a m e  and it  w as  at 5 2 °  C 
for f ive  m in u te s  in  hot w a te r .
T ab le  IX. T h e r m a l  D eath  P o in t  o f  C onid ia  o f  I so la te  L 1 and D 1 in  
a Hot W ater B a th  for  V ar iou s  P e r io d s  o f  T im e .
E x p o su re  in  _________________C ondition
T r e a tm e n t Minute s L igh t I so la te  L 1 D ark  I so la te  D !
00 o O 5 G erm in a tio n G erm in a tio n
- 10 G erm in a tio n G erm in a tio n
4 9 °  C 5 G erm in a tio n G erm in a tio n
- 10 G erm in a tio n G erm in a t io n
5 0 °  C 5 G erm in a t io n G erm in a t io n
- 10 G erm in a t io n G e rm in a t io n
5 1 °  C 5 G erm in a tio n G e rm in a t io n
- 10 G erm in a t io n G erm in a t io n
5 2 °  C 5 No G e rm in a t io n No G e rm in a t io n
10 No G e rm in a t io n No G e rm in a t io n
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E ffe c t  of d if fe re n t  ra d ia t io n s  and d a r k n ess  on grow th  and sporu la tion :
The v a r io u s  q u a l i t ie s  of v is ib le  ra d ia t io n  u s e d  in  th e s e  t r e a t ­
m e n ts  in c lu d ed  g r e e n ,  red , b lue and y e l lo w .  In addition to t h e s e ,  
w hite  l ig h t  ( f lu o r e s c e n t  light} and d a rk n ess  w ere  in c lu d ed  as t r e a t ­
m e n t s .  In the e x p e r im e n t  d ea lin g  w ith  grow th , on ly  two i s o l a t e s ,  L 2 
and D 2 w e r e  s tu d ied , w h ile  in the e x p e r im e n t  dea lin g  w ith  sp o r u la t io n ,  ' 
i s o l a t e s  L I ,  L 2, D 1 and D 2 w e re  s tu d ied .
The r e s u l t s  of the g ro w th  stu d y  a re  p r e s e n t e d  in  Table  X and
Fig. 6.
F r o m  T able  X, it  a p p ea r s  that both i s o la t e s  L 2 and D 2 g r e w  
e q u a lly  w e l l  under con d it ion s  of w hite  l ig h t  and d a r k n e s s ,  w h ich  c o n d i­
t ion s  can  be c o n s id e r e d  the b e s t  for  the v e g e ta t iv e  grow th  of 
P h y s a lo s p o r a  tu c u m a n e n s is  S p eg . The i s o la t e s  did not r e sp o n d  w e l l  
to b lue  and r e d  l ig h t .
S p o ru la tio n  w as o b s e r v e d  b y  grow ing  the fungus on s t e r i l i z e d  
l e a f  p ie c e s  p la c e d  in p e tr i  d ish e s  as th is  w as found to be a v e r y  c o n ­
v e n ie n t  w ay  to  e s t im a t e  v i s u a l ly  the in t e n s i t y  of sp o r u la t io n .  The data  
a re  p r e s e n t e d  in  Table  IX.
The l ig h t  i s o la t e s  w e r e  found to  be u n ifo r m ly  h ig h er  sp o ru la t in g  
under any  l ig h t  than any one o f the d ark  i s o l a t e s .  B lu e  l ig h t  w a s  found  
to  be the b e s t  for  ind ucing  s p o r u la t io n  in  both  ty p e s  of i s o l a t e s .
T ab le  X . G row th  o f  I so la te  L  2 (L igh t typ e) and I so la te  D 2 (D ark  type) G row n on O atm ea l A g a r  Under  
D iffe r e n t  R ad ia t ion s  at 3 0 °  C.
D ays
A v e r a g e  d ia m e te r  in  m m .
Iso la te  L  2 Iso la te D 2
White Y e llo w B lu e G r ee n D ark R ed White Y e llo w B lu e G reen D ark R ed
2 22 . 75 20 . 25 15. 25 2 0 . 00 27. 00 16. 50 24. 25 2 1 .2 5 1 7 .5 0 2 1 .5 0 29. 00 18. 50
3 3 9 .2 5 31. 75 2 6 .5 0 3 1 .5 0 4 2 .  00 2 6 .2 5 4 0 .0 0 3 4 .0 0 3 1 .5 0 3 5 .0 0 45 . 75 2 9 .5 0
4 61 . 25 4 3 .2 5 4 1 .0 0 4 5 .5 0 63. 75 4 0 .5 0 6 1 .5 0 5 4 .5 0 4 7 .  00 5 6 .0 0 65. 00 4 7 .  50
5 7 4 .0 0 6 2 .5 0 . 5 4 .5 0 63 . 75 77-. 50 54 . 75 76 . 25 7 0 .5 0 6 2 . 00 7 2 .0 0 78. 25 63 . 75
Ln
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T ab le  XI. The In ten s ity  of S p o ru la tio n  of the Two L igh t I s o la t e s  and  
Two D ark  I s o la te s  Under D if fer en t  R a d ia t io n s .
A s t e r i s k s  Indicate  R e la t iv e  Abundance of C onid ia .
In ten s ity  of Sp oru la tion
Iso la te______ D ark_______ B lu e_______ Y e llo w ______ Red______ G r e e n  White
L  1  sjesjesje s i : # * * * # #  *  *  - f i  * * * *  *  *  *
J j  2  sicsfc * * * * * *  * s | c * s; cs i e*s! < * * * *  * * * *
D 1 ** *** * ** * *
D  Z  *  *  *  * * *  *  s ic *  * s |<  si<
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E ffe c t  of u l t r a v io le t  ra d ia t io n  on sp o re  population:
The sp o r e  s u s p e n s io n  of e a ch  of the i s o l a t e s ,  L  1 and D 1, 
w as s e p a r a t e ly  su b jec te d  to u l t r a v io le t  ra d ia tio n  for  120, 180, 240  
and 360 s e c o n d s .  A fter  ra d ia tio n , u s in g  p rop er  d ilution  s a m p le s  
having sp o r e  c o n c en tr a t io n s  of a p p r o x im a te ly  10, 21, 4 1 ,  105, and  
1050 per  m l .  w e re  m a d e .  O atm ea l agar  p la tes  w e r e  then in o cu la ted  
with one m l .  of ea ch  of the c o n c e n tr a t io n s .  The in o cu la ted  d ish e s  
w e re  kept at 2 3 °  C. for  s e v e n  days and o b se r v a t io n s  m ad e at the end  
of the fou rth  and s e v e n th  day. The data a re  p r e se n te d  in  T able  XII 
and F ig u r e s  7 and 8.
It ap p ea red  fr o m  o b s e r v a t io n s  that m o s t  o f  the s p o r e s  w ere  
k il le d  a f ter  360 s ec o n d s  of ra d ia t io n  in  the c a s e  of both the i s o l a t e s .  
The l ig h t  i s o la t e  s p o r e s  w ere  found to  be  so m e w h a t  m o r e  r e s i s t a n t  to  
r a d ia t io n  than the dark i s o la te  s p o r e s .
It w as a ls o  o b s e r v e d  that on ly  the s p o r e s  of the l igh t  i s o la te  
m u tated  to g ive  r i s e  to  dark c o lo n ie s  a fter  u l t r a v io le t  ra d ia tio n  
(P la te  II). A v e r a g e s  of 7, 8, 13 and 1 m u tants  p er  100 su r v iv in g  
s p o r e s  w e r e  r e c o r d e d  for  tr e a tm e n ts  at 120, 180, 240 and 360 s e c o n d s  
of e x p o s u r e ,  r e s p e c t iv e ly .
T ab le  XII. E f fe c t  of U ltr a v io le t  R ad ia t ion  on the Sp ore  P o p u la t io n  o f I so la te s  o f  P h y s a lo s p o r a  
tu c u m a n e n s is  S p eg .
ISO L A TE  L  1 
4  d ays la t e r D o se C h eck 120 180 240 360
N o .  l e f t / m l . 1 0 5 ,0 0 0 4 , 200 1, 260 252 0 . 00
% l e f t / m l . 100 4 .  0 1 .2 .2 4 0 .0 0
7 d ays la te r
N o .  l e f t / m l . 1 0 5 ,0 0 0 4 7 ,9 8 5 4 ,0 0 1 400 21
% l e f t / m l . 100 4 5 .  7 3 .8 1 . 38 . 02
ISOLATE D 1
4  d ays la te r D o se C heck 120 180 240 360
N o .  l e f t / m l .  1 0 5 ,0 0 0  1 ,4 0 0  0 .0 0  0 .0 0  0 .0 0
% l e f t / m l .  100 1 .3 3  0. 00 0 .0 0  0. 00
7 d ays la te r  
N o . l e f t / m l .  
% l e f t / m l .
1 0 5 ,0 0 0  1 1 ,2 9 2  1 ,1 4 3  102 12
100 1 7 .4  1 .0 9  .0 9 7  . 012
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P la te  II. I l lu s tr a t io n  of o r ig in a l  ligh t
type i s o la t e  and i t s  dark  m utants:
A, c o lo n y  of o r ig in a l  l ig h t  typ e.
B and C, c o lo n ie s  o f  i t s  dark  
m u tants  due to  u l t r a v io le t  r a d ia t io n .  
C ulture  grow n on o a tm e a l  agar  for  
5 d a y s .
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E ffe c t  of u l t r a v io le t  rad ia tion  on grow th  and sp oru la tion :
In th is  stud y  the s a m e  l ig h t  and dark i s o la t e s  w ere  u se d .  The  
i s o la t e s  w e re  grow n  s e p a r a t e ly  in  o a tm e a l  a g a r .  A fter  th ree  days of  
grow th , e a c h  o f the c o lo n ie s  w as su b je c te d  to  u l t r a v io le t  rad ia tion  at  
e x p o s u r e s  of 120, 180, 240 and 360 s e c o n d s ,  r e s p e c t iv e ly .  T hree  
c o lo n ie s ,  one in  e a c h  d ish , w e re  e x p o s e d  to the sam e d o sa g e .  A fter  
ir r a d ia t io n ,  grow th  m e a s u r e m e n t s  w e r e  tak en  e v e r y  24 h o u rs .  O b­
s e r v a t io n s  for  sp o r u la t io n  w e r e  a l s o  m a d e .  The data a re  p r e s e n t e d  in  
Table XIII and F ig .  9.
It w i l l  be n oted  fr o m  the tab le  that a c o m p le te  c e s s a t io n  of  
g ro w th  fo r  24 h ou rs  fo l lo w e d  ra d ia t io n  in  the c a s e  of both  the i s o l a t e s .  
The g ro w th , h o w e v e r ,  c o m m e n c e d  a fter  that p e r io d .  B oth  the i s o la t e s  
w e r e  v e r y  h ig h ly  s t im u la te d  a long the m a r g in  o f the c o lo n ie s  b y  r a d ia ­
t ion  (not in d ica ted  in  the ta b le ) .  The l ig h t  i s o la t e  a p p ea red  to be  m o r e  
to le r a n t  to ra d ia t io n  than the dark  one w ith  r e g a r d  to  m y c e l ia l  grow th .  
In both ty p e s ,  a good  sp o r u la t io n  w a s  n o t ice d  fo l lo w in g  120, 180 and  
240 s e c o n d s  of e x p o s u r e s .  E x p o s u r e  at 360 s e c o n d s  w a s  h arm fu l for  
both  the dark and the l ig h t  i s o la t e  under s tud y  w ith  r e g a r d  to  grow th  
and sp o r u la t io n .
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Table XIII. E f fe c t  of U ltr a v io le t  R adiation  on the G row th  and S p o r u la ­
tion  of the I s o la t e s  of P h y s a lo s p o r a  tu c u m a n e n s is  S p eg .
A v e ra g e  A v e r a g e  in c r e a s e  in  d ia -  
d ia m e te r  m e te r  a fter  tr e a tm e n t .
D o se  in b e fo r e  M e a su r e m e n t  e v e r y  24 h r s .
I s o la t e s sec o n d s tr e a tm e n t 24 48 72 S p o ru la tio n
L 1 120
m m .
3 0 .6 0
m m .  
0 0 . 00
m m .  
. 5 . 0 0
m m .  
2 0 . 60 H igh
180 25. 00 0 0 . 00 3. 00 15. 60 H igh
240 34. 00 0 0 . 00 5. 60 2 2 . 00 H igh
360 3 1 .0 0 0 0 . 00 tr a c e 5. 00 L ow
D 1 120 30. 60 0 0 . 00 2 . 60 1 6 .6 0 H igh
180 27 . 30 0 0 . 0 0 2 . 30 15. 30 H igh
240 27 . 60 0 0 . 00 3. 30 17. 30 H igh
360 3 0 .0 0 0 0 . 00 tr a c e 4 .0 0 L ow
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E ffe c t  of r e la t iv e  h u m id ity  on g e r m in a t io n  of c o n id ia :
T h is  e x p e r im e n t  w as  con d u cted  to  d e te r m in e  the e f f e c t  of 
v a r io u s  r e la t iv e  h u m id it ie s  on the g e r m in a t io n  of s p o r e s  of d if feren t  
i s o l a t e s .  A s u s p e n s io n  of co n id ia  fr o m  10 day o ld  i s o la t e s  w as  
s e p a r a t e ly  p r e p a r e d  u s in g  s t e r i l i z e d  w a ter  conta in ing  oran ge  ju ice  
( s tr e n g th  of so lu t io n  - 0 . 1%) as a s t im u la n t .  A drop of the s u s p e n s io n  
w as then p la c e d  on the s l id e s  w hich  w e r e  d r ie d  in  vacuo  and th en  m a in ­
ta in ed  at d if feren t  r e la t iv e  h u m id it ie s .  A fter  20 h ou rs  the n u m ber  o f  
s p o r e s  g erm in a tin g  p er  100 s p o r e s  at v a r io u s  l e v e l s  of h u m id ity  w as  
r e c o r d e d  and has b e e n  g iv e n  in T ab le  XIV.
Som e s p o r e s  w e re  found to g e r m in a te  fr o m  both  e n d s ,  though  
in  m o s t  c a s e s  g e r m in a t io n  took  p la ce  fr o m  one end.
The r e s u l t s  ob ta in ed  did not r e f l e c t  any d if fe re n c e  w ith  r e g a r d  
to  g e r m in a t io n  of s p o r e s .  The h ig h e s t  p e r ce n ta g e  of g e r m in a t io n  w as  
ob ta in ed  at 100% r e la t iv e  h u m id ity . It w a s  in t e r e s t in g  to note that a 
s l ig h t  change o f h u m id ity  a f fe c te d  g e r m in a t io n  c o n s id e r a b ly .
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T able  XIV. P e r c e n t a g e  of G e rm in a t io n  of S p o re s  of D if fer en t  I so la te s  
of P h y s a lo s p o r a  tu c u m a n e n s is  S p eg . at V ar iou s  R e la t iv e  
H u m id it ie s  a fter  20 H ours of E x p o su r e  at 2 3 °  C.
R e la t iv e  I so la te  I so la te  I so la te  I so la te
H u m id ity_____________ L_1___________ L 2________________ D 1 D 2
100 64 72 69 68
97. 3 34 30 28 36
95 . 7 20 24 21 22
9 3 . 4 16 12 14 13
92 . 7 11 8 10 9
9 1 . 0 7 5 6 6
9 0 . 0 0 0 1 0
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E ffe c t  of m o is tu r e  on the fo r m a tio n  of p e r ith e c ia :
A stu d y  w as m ade of the e f fe c t  o f  v a r io u s  am ounts  of w ater  
upon fo r m a tio n  of p e r i th e c ia  b y  i s o la t e  L 2 and i s o la t e  D 3. P i e c e s  of  
y e l lo w  (m a tu red ) su g a r ca n e  l e a f  b la d es  w e r e  p la c e d  in  t e s t  tu bes  c o n ­
ta in in g  v a r io u s  am ou nts  of w a te r .  T h ese  w e r e  s t e r i l i z e d  b e fo r e  in o c u la ­
t io n  w ith  the i s o l a t e s .  The r e s u l t s  w ere  n o ted  a fter  th re e  w e e k s ,  by  
counting  the n u m b ers  of p e r i th e c ia  per le a f  p ie c e .  The r e s u l t s  o b ­
ta in e d  a r e  sh ow n  in  T ab le  X V .
The h ig h e s t  n u m ber  of p e r i th e c ia  w a s  ob ta in ed  in  both i s o la t e s  
w hen 6 m l .  of w a ter  p er  tube w e r e  u sed . A l s o  it  w as  n o t ic e d  th at a 
la r g e  n u m ber  o f p e r i th e c ia  w e re  fo r m e d  n ea r  the w a ter  s u r fa c e .
T ab le  X V . In flu en ce  of M o is tu re  Upon F o r m a t io n  o f N um ber of  
P e r i t h e c ia  U sing  I so la te  L 2 and D 3 of P h y s a lo s p o r a  
tu cu m a n en s  i s S p eg .
M l. of w ater
p er  t e s t  tube___________________Iso la te  L 2__________________Iso la te  D 3
0 . 0 - -
0. 5 - -
1 . 0 - -
2 . 0 113 -
3..0 293 278
4. 0 304 299
5. 0 363 390
6 . 0 4 1 4 458
7. 0 4 0 4 398
8 . 0 381 402
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E ffe c t  of t e m p e r a tu r e  on the fo r m a tio n  of p e r ith ec ia :
A ttem p ts  w e r e  m ade to d e te r m in e  the e f fe c t  of te m p e r a tu r e  on 
the fo r m a tio n  of p e r i th e c ia  u s in g  i s o l a t e s ,  L 2 and D 3. Y e llo w  s u g a r ­
cane l e a f  p ie c e s  w ere  in o c u la te d  fo l lo w in g  the p ro ced u re  d e s c r ib e d  in  
the p rev io u s  e x p e r im e n t  and u s in g  6 c c .  o f  w a ter  per  t e s t  tube. A fter  
in o c u la t io n ,  the tu bes  w ere  in cu b ated  at v a r io u s  te m p e r a tu r e s  for  20 
d a y s .  The r e s u l t s  ob ta in ed  b y  counting the n u m b er  of p e r i th e c ia  
fo r m e d  per  l e a f - p i e c e  of 10 x  2 c m .  s iz e  a re  show n in  T ab le  XVI.
It w as  found that the b e s t  t e m p e r a tu r e  for p e r i th e c ia  f o r m a ­
tion  for  both  the i s o la t e s  w as in  the range  of 2 3 °  - 2 7 °  C. The l igh t  
i s o la t e  L  2 p rod u ced , to so m e  e x te n t ,  m o r e  p e r i th e c ia  than did the  
dark  i s o la t e  D 3 at lo w e r  t e m p e r a t u r e s ,  w h ile  at h igh er  t e m p e r a t u r e s ,  
i s o la t e  D 3 p ro d u ced  m o r e .  No p e r i t h e c ia  w e r e  fo r m e d  e i th e r  at 10°  
and 15° C or at 31°  C and ab ove .
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T ab le  XVI. E f fe c t  of T e m p e r a tu r e  on the F o r m a t io n  o f P e r i t h e c ia
U sing I s o la t e s  L 2 and D 3 of P h y s a lo s p o r a  tu cu m a n e n s is  
Sp eg .
T em p e r a tu r e  (C)_______________ Iso la te  L 2_______________ Iso la te  D 3
10 “
15 - -
20 386 364
23 421 396
25 4 2 4 409
27 416 436
29 77 82
31 - -
33 - -
36 - -
39 _
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E ffe c t  of ra d ia t io n s  and d a r k n ess  on the fo rm a tio n  of p e r i t h e c ia :
The study in c lu d ed  the s a m e  i s o l a t e s ,  L 2 and D 3. Y e llo w  
(m a tu red )  l e a f  b lad e  p ie c e s  w ere  u s e d  as s u b s tr a te .  C ellophan e  paper  
of d if fe re n t  c o lo r s  w as u s e d  to  c o v e r  the t e s t  tubes  conta in ing  the 
s u b s t r a t e ,  to p rov id e  b lu e ,  y e l lo w  and r ed  l ig h t .  N o ce l lo p h a n e  w as  
u s e d  in the w hite  l ig h t  t r e a tm e n t  and b la c k  c a r d  b o a rd  for keep in g  the  
l e a f  p i e c e s  in  d a r k n e s s .  A l l  the c o v e r e d  t e s t  tu bes  w ere  p la c e d  under  
f lu o r e s c e n t  l ig h t  at c o n sta n t  r o o m  te m p e r a tu r e  (2 3 °  C).
The r e s u l t s  obta ined  b y  counting the num ber of p e r i th e c ia  on 
eq u a l s i z e d  l e a f  p ie c e s  a fter  20 d a y s ,  are g iv en  in  Table XVII- It w as  
found that d a r k n ess  and e x p o su r e  to white l ig h t  fa v o r e d  p e r i th e c ia  
fo r m a t io n  by  both  i s o la t e s .
T able  XVII. E f fe c t  o f  R a d ia t ion s  and D a r k n e ss  on the F o r m a t io n  of
P e r i t h e c ia  b y  U sin g  I so la te s  L 2 and D 3 of P h y s a lo s p o r a  
tu c u m a n e n s is  S p eg .
L igh t C ondition I so la te  L 2 I so la te  D 3
White 386 324
D ark 411 359
B lu e 89 78
R ed - -
Y e llo w 124 141
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Influ en ce  of d if feren t  p a r ts  of su g a r ca n e  on. the fo r m a tio n  of p e r i t h e c ia : 
The s u b s tr a te s  u s e d  w e r e  p ie c e s  of g r e e n  l e a f  b la d e ,  y e l lo w  
(m a tu red ) l e a f  b la d e ,  d ry  l e a f  b la d e ,  g r e e n  m id  r ib ,  dry  m id  r ib ,  
young l e a f - s h e a t h ,  o ld  l e a f - s h e a t h ,  r ind , b a g a s s e  and r o o t s .  T h ey  
w e r e  p la c e d  in tubes  con ta in in g  6 c c .  of w a te r ,  s t e r i l i z e d ,  s e p a r a t e ly  
in o c u la te d  w ith  e a c h  o f the i s o l a t e s  and then kept at r o o m  te m p e r a tu r e .  
The data w ere  ob ta ined  by  noting the in t e n s i t y  of p e r i th e c ia  fo r m a tio n  
and th ey  a re  p r e s e n t e d  in  T able  XVIII.
The two i s o la t e s  u s e d  did not sh ow  any a p p re c ia b le  d if fe re n c e  
in  su i ta b i l i ty  o f  su b s tr a te  for  p e r i th e c ia  fo r m a t io n .  The dry  le a f  b lad e  
fo l lo w e d  b y  y e l lo w  l e a f  b lad e  w as  found to be  the b e s t  su b s tr a te  (m ed iu m )  
fo r  fo rm a tio n  of p e r i th e c ia  in  both  i s o l a t e s .  No p e r i th e c ia  w ere  fo r m e d  
on r in d s ,  g r e e n  m id  r ib s  or r o o t s .
T ab le  XVIII. In flu en ce  of D if fe r e n t  P a r ts  of S u g a rca n e  on the F o r m a t io n  
o f  P e r i t h e c ia ,  I so la te  L 2 and D 3 of P h y s a lo s p o r a  
tu c u m a n e n s is  S p eg . A s t e r i s k s  in d ic a te  r e la t iv e  abundance  
of p e r i th e c ia .
P la n t  P a r t I so la te  lu 2 I so la te  D 3
G r e e n  l e a f  b lade * ❖
Y e llo w  (m atu red ) l e a f  b lad e # * * * * *
D ry  l e a f  b lad e * * * * * * * * *
G r e e n  m id  rib - -
D r y  m id  rib * -
Young l e a f  sh ea th •j. 'i'
Old le a f  sh ea th =:<
R ind - -
B a g a s s e * 5!<
R oot - -
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R e la t io n s h ip  of the l igh t  and the dark i s o la t e s :
A fter  the p e r i th e c ia  w e r e  ob ta in ed  fo llo w in g  the p ro ced u re  a l ­
r e a d y  d e s c r ib e d  under " M a ter ia ls  and M eth od s , " a s c o s p o r e s  fr o m  
e a c h  a s c u s  and a l s o  f r o m  e a c h  p e r i th e c iu m  w e r e  p la c e d  s e p a r a t e ly  on  
o a tm e a l  a g a r .
The p e r ce n ta g e  of g e r m in a t io n  of the a s c o s p o r e s  fr o m  the  
p e r i th e c ia  thus obta ined  w as quite s a t i s f a c t o r y ,  ranging fr o m  72 to  
100. A ll  the s in g le  a s c o s p o r e  c u ltu r e s  thus ob ta in ed  fr o m  the sa m e  
p e r i th e c iu m  and the s a m e  a s c u s  w e re  id e n t ic a l  w ith  e a c h  o th er ,  that i s ,  
a dark i s o la t e  d ev e lo p ed  p e r i th e c ia  w h ich  c o n ta in ed  a s c o s p o r e s  w h ich  
gave  r i s e  to the dark  i s o la t e  and l ik e w is e  the l ig h t  i s o la t e  p ro d u ced  
p e r i t h e c ia  w h ich  co n ta in ed  a s c o s p o r e s  w hich  gave  r i s e  to  l ig h t  i s o la t e .
In both  the l ig h t  and dark i s o l a t e s ,  m o r e  than 200 s in g le  a s c o s p o r e  
c u ltu r e s  w e r e  m ad e  fr o m  e a c h  ty p e .  T h is  in d ic a te d  that the l ig h t  and  
dark i s o l a t e s  b r e e d  tr u e .  In no c a s e  w e r e  the l ig h t  and the d ark  i s o -  , 
la t e s  ob ta in ed  fr o m  the s a m e  p e r i th e c iu m .
The s i x  i s o l a t e s ,  3 l ig h t  and 3 dark, b e h a v ed  to s o m e  ex ten t  
d if fe r e n t ly  w ith  r e g a r d  to p e r i th e c ia  fo r m a t io n ,  as  fo l lo w s:
I so la te  D 1: P e r i t h e c ia  m o s t ly  s t e r i l e  and s c a t t e r e d .
I so la te  D 2: P e r i t h e c ia  m o s t ly  s t e r i l e  and s c a t t e r e d .
I so la te  D 3: M o st ly  f e r t i l e  p e r ith e c ia ;  in  m a s s e s  and s c a t t e r e d .
I s o la t e 'L  1: M o st ly  f e r t i l e  p e r ith e c ia ;  s c a t t e r e d .
I so la te  L 2: M o st ly  f e r t i l e  p e r i th e c ia  in m a s s e s .
I s o la t e  L 3: M o st ly  s t e r i l e  p e r ith e c ia ;  s c a t t e r e d .
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S u r v iv a l  of a l ig h t  and a dark i s o la te  in  s o i l :
The stud y  w as  un d ertak en  to t e s t  the su r v iv a l  c a p a c ity  o f  a 
l ig h t  and a  dark i s o la t e  in  s t e r i l i z e d  and n o n - s t e r i l i z e d  s o i l .  Known  
n u m b ers  of s p o r e s  of the r e s p e c t iv e  i s o la t e s  w e re  m ix e d  w ith  g r a m  
lo t s  of s o i l  of two c a t e g o r i e s ,  s t e r i l i z e d  and n o n - s t e r i l i z e d ,  and the  
m ix t u r e s  w ere  p la c e d  in  t e s t  tu b e s .  E v e r y  four w eek s  d e te r m in a t io n s  
w e re  m ade of the n u m b ers  of s p o r e s  s u r v iv in g  in e a ch  lo t .  The r e s u l t s  
a re  g iv en  in Table  XIX.
It w as found that i s o la t e  L 1 and D 1 s u r v iv e d  for a lo n g e r  
p e r io d  in  the s t e r i l i z e d  s o i l  than in the n o n - s t e r i l i z e d  s o i l .  In the 
s t e r i l i z e d  s o i l ,  the su r v iv in g  p e r io d  of both i s o la t e s  w as m o r e  than 28 
w e e k s  but l e s s  than 32 w e e k s .  In the n o n - s t e r i l i z e d  s o i l ,  h o w e v e r ,  the 
tw o i s o la t e s  sh o w ed  a m a r k e d  d i f fe r e n c e .  S p o r e s  of the l ig h t  i s o la te  
L 1 m o s t ly  m a in ta in ed  a h ig h er  p e r ce n ta g e  of v ia b i l i ty  for  a lo n g e r  
p e r io d  than did s p o r e s  of the dark  i s o la t e  D 1.
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T able XIX. P e r c e n t a g e s  of V iab le  S p o re s  of Two I so la te s  of
P h y s a lo s p o r a  tu c u m a n e n s is  S p eg . P e r s i s t in g  in S t e r i l i z e d  
and N o n - s t e r i l i z e d  S o i l s .
s
T im e  in  ISO LA TE L 1__________ ISOLATE D 1__________
W eeks S t e r i l i z e d  N o n - s t e r i l i z e d  S t e r i l i z e d  N o n - s t e r i l i z e d
4 9 8 . 0 71. 0 9 6 . 5 76. 0
8 9 8 .  5 59 . 0 9 3 . 0 5 1 .0
12 9 6 . 0 4 4 .  0 93. 5 2 6 . 5
16 82 . 0 28. 0 78. 0 1 6 .5
20 64. 0 19. 0 59 . 0 -
24 3 0 .0 - 34. 0 -
28 23. 0 - 13. 5 -
32 - - - -
36 _
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G reen h o u se  E x p e r im e n t  
R e la t io n  of s o i l  m o is tu r e  to p a th o g e n ic i ty :
The e x p e r im e n t  w as done in  two s e r i e s .  In one s e r i e s ,  cu tt in gs  
o f  C o. 290 v a r ie t y  fr o m  the top of the s ta lk s  and p r e su m e d  to be  d is e a s e  
f r e e  w e re  s e p a r a t e ly  in o c u la te d  with one l ig h t  (L  1) and one d ark  (D 1) 
i s o la t e  and k ep t for one m onth  at v a r io u s  s o i l  m o is tu r e  l e v e l s  a s  air  
d r y ,  30, 40 , 50 , 60 and 70 per  c en t .  In the s e c o n d  s e r i e s ,  cu tt ings  of  
the s ta lk s  of the s a m e  v a r ie t y  n a tu r a l ly  a f fe c te d  with red -ro t  w e r e  u s e d  
and the s o i l  m o is tu r e  l e v e l s  m a in ta in ed  w ere  a ir  dry , 20 , 30, 4 0 ,  50,
60, 70 and 80 p er  cen t . The s e c o n d  study w as m ad e to  gain  an id ea  a s  
to  the c o m p a r a t iv e  s p r e a d  of the d i s e a s e  at d if feren t  m o is tu r e  le v e l s  
b oth  in  the a r t i f i c ia l ly  and n a tu r a l ly  in f e s te d  c a n e s .
A fter  planting of the c u t t in g s ,  a two in c h  la y e r  of dry  s o i l  w as  
added  on the top  of e a c h  s o i l  lo t  of d if fe re n t  m o is tu r e  l e v e l s  con ta in ed  
in  tin  ca n , and e a c h  t in  can  w as th en  c o v e r e d  w ith  tar  p a p e r s .  This  
w as done to p r e v en t  e x c e s s i v e  l o s s  of m o is t u r e .
The e x p e r im e n t  w as co n d u cted  in  the g r e e n h o u se  at 75 - 80°  F  
and the data a r e  show n in  T a b le s  XX and XXI.
It w as  found th at s e v e r e  in fe c t io n  took  p la ce  in  a ir  dry  s o i l  and  
at lo w  m o is tu r e  l e v e l s .  In the c a s e  of the in o c u la te d  c a n e s ,  s e v e r e  i n ­
f e c t io n  w a s  n o t ic e d  in  the a ir  dry s o i l  (P la te  III) and at 30 (P la te  IV) 
and 40 p er  c en t  of m o is tu r e  l e v e l s .  The in t e n s i t y  of in fe c t io n  w as  
found to  d e c r e a s e  w ith  the in c r e a s e  in  m o is tu r e  l e v e l s  ( P la te s  V
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and VI). The dark i s o la t e  w as  l e s s  p ath ogen ic  than the l ig h t  i s o la t e  
and the in fec t in g  a b il i ty  of both  of th e m  d e c r e a s e d  w ith  an in c r e a s e  in  
m o is tu r e  l e v e l s .  The d if fe re n t  m o is tu r e  l e v e l s ,  h o w e v e r ,  did not in  
any w ay  d if feren t ia te  the two i s o la t e s  as to th e ir  a b i l i ty  to c a u s e  i n f e c ­
tion .
T h ere  w a s  no in fe c t io n  in the c a se  of n o n - in o c u la te d  in fe c te d  
c a n e s  at 70 and 80 p er  c en t  s o i l  m o is tu r e  l e v e l s  (P la te  VII).
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T ab le  X X . In te n s ity  of In fec tion  in the In ocu la ted  Co. 290 at D if fer en t  
M o istu re  L e v e l s .
M o is tu r e  L e v e ls
In te n s ity  of In fection
L igh t I so la te  1 D ark  I so la te  1 C ontro l
A ir  D ry ***** **** -
30 per  cen t ***** *** -
40 p er  cen t **** *** -
50 p er  cent *** ** -
60 p er  cent *** *v *>v't' -
70 p er  cen t ** * -
T ab le  XXI. In ten s ity  of In fec tion  in  the N a tu r a l ly  In fe c ted  Cane at 
D if fe r e n t  M o is tu r e  L e v e l s .
M o is tu r e  l e v e l s  % In te n s ity  o f In fection
A ir  D ry * * * *
20 * * * *
30 * * * *
40 * * *
50 * *
60 *
70 No in fe c t io n
80 ii it
4 - 5  a s t e r i s k s  denote s e v e r e  in fe c t io n  
3 " ” m o d e r a te  in fe c t io n
2 " 11 s l ig h t  in fe c t io n
1 a s t e r i s k  d en o tes  v e r y  s l ig h t  in fe c t io n
P la te  III. I l lu s tr a t io n  of the ex te n t  of in fe c t io n  in  
in o c u la te d  Co. 290 su g a r ca n e  by  I so la te s  
L 1 and D 1 o f P h y s a lo s p o r a  tu cu m a n e n s is  
Sp eg . in  a ir  d ry  s o i l .
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LIGHT ISOLATE D A R K  ISOLATE
P L A T E  HI
P la te  IV. I l lu s tr a t io n  of the e x ten t  of in fe c t io n  in
in o c u la te d  Co. 290 su g a r ca n e  by i s o l a t e s ,
L 1 and d  1 > ° f  P h y s a lo s p o r a  tu c u m a n e n s is  
Speg. in  30 p er  cen t s o i l  m o is t u r e .
LIGHT ISOLATE DflR(( jg£j|_ftTE
p l a t e  IV
P la te  V. I l lu s tr a t io n  of the ex ten t  of in fec t io n  in
in o c u la te d  Co. 290 su g a r ca n e  b y  i s o l a t e s ,
L. 1 and D h  of P h y s a lo s p o r a  tu c u m a n e n s is  
S p eg .  in 50 per  c e n t  s o i l  m o is t u r e .
LIGHT ISOLATE DARK ISOLATE
P L A T E  V
P la te  VI. I l lu s tr a t io n  of the e x ten t  of in fe c t io n  in
in o c u la te d  Co. 290 su g a r ca n e  by i s o l a t e s ,
L 1 and D 1 , o f  P h y s a lo s p o r a  tu cu m a n e n s is  
Speg. in 70 p er  cen t s o i l  m o is tu r e .
LIGHT ISOLATE DARK ISOLATE
P L A T E  VI
P la te  VII. I l lu s tr a t io n  of the e x ten t  o f  r e d -r o t  i n f e c ­
t io n  in  n a tu r a l ly  in fe c te d  Co. 290 s u g a r ­
cane at a ir  d ry  con d it ion  and at v a r io u s  
m o is tu r e  l e v e l s  of the s o i l .
p l a t e  v n
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F ie ld  E x p e r im e n ts  
P a th o g e n ic ity  o£ the i s o l a t e s :
P a th o g e n ic i ty  t e s t s  of two l ig h t  i s o l a t e s ,  L 1 and L 2 , and two  
dark i s o l a t e s ,  D 1 and D 2 , w ere  con d u cted  w ith  s e v e r a l  v a r ie t i e s  of  
cane in  the f ie ld .
The s ta lk s  w ere  in o c u la te d  b y  bor in g  a ho le  at one in tern o d e  
and in tro d u c in g  an eq u a l quantity  of in o c u lu m  (sp o r e  s u sp e n s io n )  d ir e c t ly  
by m e a n s  o f a d rop p er . The in o c u la te d  s ta lk s  w ere  then p lan ted  in the  
f ie ld .  At la t e r  dates  the c a n e s  w e re  r e m o v e d  and sp l it  le n g th w ise .
R e c o r d s  w e re  m ade of the lo n g itu d in a l s p r e a d  of the fungus w ith in  the 
s ta lk s  and g iv e n  in Table  XXII.
The r e s u l t s  ob ta in ed  in d ic a te d  that a l l  the i s o la t e s  u s e d  sh o w ed  
the ty p ic a l  r e d  rot l e s i o n s  in  the s ta lk s  of a l l  the v a r i e t i e s .  Of the d i f f e r ­
ent v a r i e t i e s  u se d ,  Co. 290 was found to be the m o s t  s u s c e p t ib le ,  fo l lo w e d  
by N .C o .  310 . The en t ir e  len g th  of the s ta lk  of Co. 290 w as a f f e c te d  by  
the t im e  the s e c o n d  digging w as m a d e .  V a r ie t ie s  C . P .  3 6 -1 3  and C . P .  
3 6 -1 0 5  sh o w ed  quite a high, d eg ree  o f  r e s i s t a n c e  to  a l l  the i s o l a t e s ,  w hile  
v a r ie t i e s  C . P .  3 4 -1 2 0  and C . P .  4 4 -1 0 1  a p p ea r e d  to be in te r m e d ia te  to  
a ll  the i s o l a t e s  under s tu d y . The nature  of s p r e a d  of the i s o l a t e s  in  the  
s ta lk s  o f  a r e s i s t a n t  v a r ie t y  C. P . 3 6 -1 0 5  i s  show n in P la te  VIII.
W ith r e g a r d  to  p a th o g e n ic ity  b a s e d  on lo n g itu d in a l s p r e a d  of the  
fu ngus, i s o la t e  L 2 a p p ea r e d  to be the m o s t  p ath ogen ic  and i s o la t e  D 2 
the l e a s t  p a th o g en ic .  No c o n s is t e n t  d i f f e r e n c e s  w ere  n o t ic e d  b e tw e en  
i s o la t e  L 1 and i s o la t e  D 1.
T ab le  XXII. The P a th o g en ic ity  of the Two L ight and Two D ark  I s o la t e s  of P h y sa lo s p o r a  tu cu m a n e n s is
Sp eg . on Severed  V a r ie t ie s  of S u g a rca n e .
V a r ie ty
A v era g e N u m b er of In tern od es  A ffec ted #
Iso la te L 1 Iso la te  L 2 Is o late D 1 Iso la te D 2 C ontro l
1st
digging
2nd
digging
1st
digging
2nd
digging
1st
digging
2nd
digging
1st
digging
2nd
digging
1st
digging
2nd
digging
C o. 290 6 . 25 8 . 25 6 . 75 9. 50 4. 50 6, 50 2. 50 5. 75 - -
C. P .  3 4 -1 2 0 3. 00 4 . 00 3. 00 4 . 75 3. 25 4 . 50 2 . 00 2. 75 - -
C. P . 3 6 -1 3 1. 50 2. 50 3. 50 2 . 00 3. 00 1. 25 1. 25 1. 25 - -
C. P .  3 6 -1 0 5 1. 25 3. 50 2 . 00 3. 50 2. 25 3. 25 1. 25 1. 75 - -
C. P .  4 4 -1 0 1 2. 75 5. 00 3. 25 5. 75 3. 25 4 . 00 2. 25 3. 25 - -
N. Co. 310 3. 75 5. 25 5. 00 6 . 50 3. 25 5. 50 3. 50 4. 50 - -
# A v e ra g e  of four s ta lk s  p er  v a r ie t y  p er  d igg ing .
P la te  VIII. I l lu s tr a t io n  of the e x te n t  of in fe c t io n  in  i n ­
o cu la ted  C. P . 3 6 -1 0 5  su g a r ca n e  by  i s o la t e s  
L I ,  L  2 , D 1 and D 2 o f P h y s a lo s p o r a  
tu cu m a n e n s is  S p eg . a f ter  two m onths  
( s e c o n d  d igg ing).
P L A T E  VIII
E ffe c t  of ra toon  stunting  v ir u s  on the p a th o g e n ic ity  of the i s o la t e s :
T his  e x p e r im e n t  w as d e s ig n e d  to find out w h eth er  or not the 
p r e s e n c e  of the ra toon  stunting  v ir u s  m ad e  any d if fe re n c e  in  the s u s ­
c e p t ib i l i ty  o f  d if fe r e n t  v a r i e t i e s  to  P h y s a lo s p o r a  tu cu m a n e n s is  Sp eg .  
and i t s  d if fe re n t  i s o l a t e s .  S ta lk s  of Co.290 and C.B34-120 t r e a te d  w ith  
hot a ir  at 5 4 °  C for  8 hou rs w e r e  c o n s id e r e d  to  be d i s e a s e - f r e e , w hile  
the n o n - tr e a te d  ones w ere  c o n s id e r e d  to  be in fe c te d  w ith  the stunting  
d i s e a s e .  The s ta lk s  w e re  then  t e s t e d  for  th e ir  r e s i s t a n c e  or s u s ­
c e p t ib i l i ty  to d if fe re n t  i s o l a t e s .  The r e s u l t s  a re  g iv e n  in  Table  XXIII.
C o n s id e r in g  the f ig u r e s  fo r  a v e r a g e  in fe c t io n  for the t r e a te d  
and n o n - tr e a te d  c a n e s ,  i t  a p p ea r s  that the d e v e lo p m e n t  of r e d - r o t  of 
su g a r c a n e  i s  not fa v o r e d  b y  the p r e s e n c e  of ra toon  stunting d i s e a s e .
T able  XXIII. The L in e a r  S p rea d  of the Two L igh t and Two D ark  I so la te s  in  the H ot Air T r e a te d  and
N o n tr e a te d  S ta lk s  of Go. 290 and C . P .  3 4 -1 2 0 .
A v e r a g e  N u m b er  o f  In tern o d es  A ffec ted *
Iso la te  L  1 I so la te  L  2 Iso la te  D 1 I so la te  D 2 C ontro l
V a r ie ty
1st
digging
2nd
digging
1st
digging
2nd
digging
1st
digging
2nd
digging
1s t
digging
2nd
digging
1st
d igging
2nd
digging
C o. 290  
T r e a te d 6 . 00 6 .5 0 5. 75 1 0 .7 5 3. 75 4 .5 0 3. 75 4 .  75
N o n - t r e a te d 5. 25 8 .5 0 6 .2 5 9 .  75 5 . 75 10. 75 1. 75 3. 00 - -
C . P .  3 4 -1 2 0  
T r e a te d 3 .5 0 4 .  50 4 .  00 4 .  50 3. 25 4 .2 5 3. 00 4 .  00
N o n - tr e a te d 2. 75 3. 75 3. 50 4 .5 0 3 .2 5 4 .2 5 2 . 00 2 . 75 - -
* A v e ra g e  of four s ta lk s  per  v a r ie t y  p er  d igg ing .
DISCUSSION
Much s tu d y  has b e e n  done on the cu ltu ra l  and m o r p h o lo g ic a l  
c h a r a c t e r s  of d if fe r e n t  i s o la t e s  of P h y s a lo s p o r a  tu c u m a n e n s is  Sp eg .  
( C o lle to tr ic h u m  fa lc a tu m  Went) and th e ir  p a th o g en ic ity .  L itt le  d e ta i le d  
study, h o w e v e r ,  has b een  done on the m o r p h o lo g ic a l ly  d is t in c t  i s o la t e s  
c o m m o n ly  known as l ig h t  and dark s t r a in s  as d is t in g u ish e d  by c o lo r  and  
tex tu re  o f  the fu ngal c o lo n ie s  in  v i tr o .  The p r e s e n t  in v e s t ig a t io n s  w ere  
u n d ertak en  for a b e t t e r  u n d ersta n d in g  of the nature of s o m e  ty p ica l  
l ig h t  and dark i s o l a t e s  of P h y s a lo s p o r a  tu c u m a n e n s is  Sp eg . In add ition  
to prov id ing  m u ch  in t e r e s t in g  in fo rm a tio n ,  th e s e  s tu d ies  c o n f ir m e d  
s o m e  o f the f in d in gs  r e p o r te d  e a r l i e r .
The s i x  i s o l a t e s ,  th r e e  l ig h t  type and th re e  dark  ty p e , w ere  
grow n on five  d if fe r e n t  m e d ia  in c lu d in g  P .  D. A . F r o m  the r e s u l t s  
(T ab le  IV) as o b ta in ed , the ra te  of g ro w th  in cu ltu re  co u ld  not be c o r r e ­
la te d  w ith  the m o r p h o lo g ic a l  d if fe r e n c e  su ch  as the l ig h t  and dark co lo r  
of m y c e l ia .  Of the s i x  i s o l a t e s ,  the l ig h t  i s o la t e  L 1 sh o w ed  the b e s t  
but on the o th er  hand, the l ig h t  i s o la t e  L 2 sh o w ed  the l e a s t  g ro w th  as  
c o m p a r e d  w ith  a l l  o th er  i s o la t e s  on a l l  m e d ia .  T h e se  r e s u l t s  c o n ­
f ir m e d  th e  r e s u l t s  of Chona and H in g o ra n i (1950) in  India and Abbott  
(1938) in  the U. S . A . w orking  w ith  s e v e r a l  l ig h t  and dark  i s o l a t e s .
The r e s u l t s  obta ined  in  s tu d ie s  of the e f f e c t  of t e m p e r a tu r e s
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(T ab le  VIII) upon the grow th  of the i s o l a t e s ,  i r r e s p e c t iv e  of l ig h t  and
dark  ty p e s ,  g e n e r a l ly  a g r e e d  w ith  the r e s u l t s  ob ta in ed  b y  A bbott
(1938) r eg a rd in g  the m in im u m , o p t im u m  and. upper l im i t .  With two
dark  i s o la t e s  A bbott o b s e r v e d  that th ey  p rod u ced  s o m e  g ro w th  at 10° C;
o othe o p t im u m  g ro w th  w as at 30 - 32 G and the upper l im i t  s l ig h t ly
above 37. 5 °  C. A l l  the l ig h t  i s o la t e s  in  the p r e s e n t  s tu d y , g r e w  c o m ­
p a r a t iv e ly  s lo w e r  than the dark o n e s  at h igh er  te m p e r a tu r e s  su c h  as
o o33 C and above.. At lo w e r  t e m p e r a t u r e s ,  s u c h  as 20 G and b e lo w ,
th ey  g r e w  f a s t e r ,  in d ica tin g  that the l ig h t  c o lo r e d  m y c e l ia  o f  the red-  
ro t  fungus m ig h t  be l e s s  r e s i s t a n t  to  h igh  te m p e r a tu r e  b eyon d  c e r ta in  
l i m i t s .  F r o m  the te m p er a tu r e  s tu d y , i t  m a y  be a s s u m e d  that the l ig h t  
type of the r e d -r o t  fu n gu s , w h ich  i s  c o n s id e r e d  v e r y  v ir u le n t ,  m a y  
r e s u l t  in d e te r io r a t io n  e v e n  during lo w  te m p e r a tu r e  of w in te r .  H ow ­
e v e r ,  i t  s t i l l  r e m a in s  to  be s e e n  w h eth er  or  not the v a r ia t io n  in  t e m p e r a ­
tu re  has any e f f e c t  on the p r o g r e s s  of the d i s e a s e  in the s t a lk s .  No 
a p p r e c ia b le  d if fe re n c e  cou ld  be found b e tw e en  the two ty p es  o f  i s o la t e s  
w ith in  the ran ge  o f 25 - 3 1 °  C.
S tu d ies  of the th e r m a l  death  po in t of the co n id ia  o f  a l ig h t  and  
a d ark  i s o la t e  did not sh o w  any d if fe r e n c e  b e tw e e n  the two t y p e s .  S p o re s  
o f  both  the ty p es  d ied  fo l lo w in g  e x p o s u r e s  at 5 2 °  for  5 m in u te s .  It 
m ig h t ,  t h e r e f o r e ,  s e e m  p e r m is s ib l e  to a s s u m e  that the in fe c t io n  b y  
r e d - r o t  co u ld  be c o n tr o l le d  by  the th e r m a l  t r e a tm e n t .  B ut the r e s u l t s  
o b ta in ed  in  a l l  the p r e v io u s  e x p e r im e n ts  in d ic a te d  that th ough  the
d is e a s e  w as a p p aren tly  red u c ed ,  i t  cou ld  not be c o n tr o l le d  by the h o t-  
a ir  or h o t -w a te r  tr e a tm e n t .  E d g erto n  e t  a l  (1942) found that the hot 
w ater  tr e a tm e n ts  w ere  e f fe c t iv e  in  red u c in g  the in fec t io n  only  when  
they  w e re  m ade w ith in  tw o days of in o cu la t io n . This i s  p r o b a b ly  due 
to the fa c t  that once the fungus g e t s  e s t a b l i s h e d  in  the t i s s u e ,  i t  i s  s u b ­
je c te d  to l e s s  h ea t  due to  the fact that the cane i s  c h a r a c t e r iz e d  by  an  
e p id e r m is  w hich  i s  h ig h ly  im p e r m e a b le  to h eat.  Though tr e a tm e n t  at 
60° C for  30 m in u te s  c o n tr o l le d  the d i s e a s e  (L oh , 1940), th is  t e m p e r a ­
ture w as found to be h igh  enough to im p a ir  g e r m in a t io n  o f the cane  
(W ang, 1951).
The m a x im u m  grow th  o f a l l  the i s o la t e s  w as obtained b e tw e e n  
pH 5. 03 - 6. 0 the o p t im u m  being  at pH 5. 7 (T able  V). T h e se  r e s u l t s  
c o n f ir m e d  the r e s u l t s  o f  Abbott (1938) in  the U. S. A. and Chona and  
H in goran i (1950) in  India. H o w e v er ,  R a m a k r ish n a n  (1941) in India  
found that the b e s t  g ro w th  of h is  i s o la te  o c c u r r e d  in  the range o f  pH
4 . 5 - 5 . 0 .  The stud y  fu rth er  c o n f ir m e d  Chona and H in g o ra n i's  f in d in gs  
that the l ig h t  i s o la t e  gave  so m ew h a t b e t t e r  grow th  on the a c id  s id e ,  
w h e r e a s  the dark i s o la t e  g r e w  b e t te r  on the a lk a lin e  s id e .  The c o n ­
c lu s io n  thus im p lie d ,  t h e r e f o r e ,  i s  that the s o i l s  in  w h ich  pH ten d s  to  
be lo w ,  a fa v o ra b le  en v ir o n m e n t  for  the a c t iv i ty  of the l ig h t  type m a y  
s t i l l  e x i s t .
F r o m  T able  XI, i t  can be s e e n  that a l l  the l ig h t  i s o l a t e s  w e re  
u n ifo r m ly  h igh er  sp o ru la t in g  under any lig h t  con d it ion  than any one o f
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the dark  i s o l a t e s .  B lu e  l ig h t  of sh o r t  w ave le n g th  w as  the b e s t  for  
sp o r u la t io n  of e i th e r  ty p e .  Such  an observation , on the e f f e c t  of b lue  
l ig h t  i s  in  a g r e e m e n t  w ith  the find ings of K re it lo w  (1 9 3 8 ) ,
A n u m ber of p ap ers  have la id  m u ch  e m p h a s is  upon the d i f f e r ­
ent d e g r e e s  of in ju ry  w h ich  m a y  be p rod u ced  by  u l t r a v io le t  ra d ia t io n .  
S ch u ltze  in 1909 (D u g g a r , 1936) r e p o r te d  that when M ucor s to lo n if e r  
w as ir r a d ia te d  w ith  d if fu se  l ig h t  of 2900 A  un til  the g ro w th  o f the  
hyphae c e a s e d ,  th ere  w as no fu rth er  growth; but i f  the ra d ia t io n  w as d i s ­
con tin u ed , s o m e t i m e s ,  g ro w th  w as r e s u m e d .  L a c a s s a g n e  (D u ggar ,
1936) d iv ided  y e a s t  c e l l s  w h ich  had b e e n  e x p o s e d  to  u l t r a v io le t  r a d ia -  
t io n  in to  th ree  c l a s s e s :  (a) c e l l s  w hich  a fter  a r e ta rd a t io n  in  c e l l
d iv is io n  u l t im a te ly  r e c o v e r e d  th e ir  rep ro d u c t iv e  pow er; (b) c e l l s  w h ich  
d iv id ed  on ly  on ce  and then  d ied  and (c) c e l l s  w h ich  d ied  w ithout d iv id in g .  
In the p r e s e n t  s tud y , the s p o r e s  of the two i s o la t e s  s tu d ied  have a ls o  
b een  found to be k i l l e d  b y  ra d ia t io n  (T ab le  XII). The l ig h t  i s o la t e  
s p o r e s  w ere  found to be so m e w h a t  m o r e  r e s i s t a n t  than the dark i s o la t e  
s p o r e s  to  ra d ia t io n . M ost  of the s p o r e s  w e re  k i l le d  at 360 s e c o n d s  of 
e x p o s u r e  to u l t r a v io le t  ra d ia t io n .  The f in a l data p lo t ted  on s e m i - l o g  
p a p er s  (F ig .  7 and F ig .  8) g iv e  l in e s  w h ich  a re  s ig n i f ic a n t ly  s tr a ig h t .  
T h is  s e e m s  to d e m o n str a te  that th ere  w as  a p p a ren t ly  a c o n sta n t  per  
cen t lu l le d  as ty p if ie d  b y  a s tr a ig h t  l in e  p lot. Su ch  r e s u l t s  o f  death  of  
s p o r e s  by  u l t r a v io le t  ra d ia t io n  w as a l s o  obta ined  b y  D ic k so n  (1932) on 
C h a eto m iu m .
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The ra d ia t io n  was found to produ ce  m utants  of dark  c o lo n ie s  
on ly  in  the l ig h t  i s o l a t e s .  The fo r m a tio n  of dark  c o lo n ie s  by  rad ia tio n  
m a y  be due to a change  in  the e n z y m e  s y s t e m  that m igh t favor  f o r m a ­
tion  of p ig m en t b y  su c h  lig h t  t r e a tm e n ts  w hich , p erh a p s ,  fa i l  to  induce  
any change in the dark i s o la te  to m u tate  to l ig h t  typ e. B u t m u ta tion  in  
both  d ir e c t io n s ,  that i s ,  f r o m  dark  to  l ig h t  type (R a m a k r ish n a n , 1941) 
and l ig h t  to dark type (Chona and H in g o ra n i,  1950) in cu ltu re  have b een  
n o t ic e d  and m a y b e  dependent on v a r io u s  p h y s ic a l  and c h e m ic a l  f a c t o r s .  
The rate  of m u ta tion  obta ined  in the l ig h t  i s o la t e  was r e d u c e d  at h igh er  
e x p o s u r e  of 360 s e c o n d s  and the r e s u l t  obta ined  in th is  r e s p e c t  c o r ­
r e sp o n d e d  w ith  th o se  of M ark ert  (1952) on G lo m e r e l la .  The r ed u c t io n  
in the n u m b ers  of m u tan ts  o b s e r v e d  at h igh er  d ose  w as p rob ab ly  due to 
th e ir  b e in g  k i l le d  b y  the m o re  in te n se  ra d ia tion .
The v ig o r o u s  in c r e a s e  in m y c e l ia l  g ro w th  a fter  a p e r io d  in  
w h ich  th er e  i s  no g ro w th  (T ab le  XIII) fo l lo w in g  ir r a d ia t io n  w ith  u l t r a ­
v io le t  r a y s  in  e i th e r  type m a y  be due to  s t im u la t io n ,  a phenom enon  
w h ich  has b e e n  in d isp u te . It has b e e n  c o n s id e r e d  as an i r r e g u la r  s o r t  
of p r o c e s s  w h o se  o c c u r r e n c e  is  u n p r ed ic ta b le .  C h a v a rr ia  and C lark  
(1924) found that s h o r t  e x p o s u r e s  to u l t r a v io le t  a lw ays  p rod u ced  a 
s t im u la t io n  in  the grow th  ra te  of M o n to y e lla  c u l tu r e s ,  w h e r e a s  lo n g er  
e x p o s u r e s  w ere  le th a l .  On the o th er  hand, W yckoff and L u y e t  (1931)  
o b ta in ed  no e v id e n c e  of s t im u la t io n  w ith  s m a l l  d o s e s  o f  u l t r a v io le t  i r ­
ra d ia t io n .  The d i f fe r e n c e s  in the r e s u l t s  a re  a ttr ib u ted  to the d if fe re n c e
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in the s ta g e  at w hich  the m e a s u r e m e n t s  o f  the g ro w th  w ere  m a d e .  In 
the p r e s e n t  s tud y , s t im u la t io n  w as n o t iced  to be g r e a t e r  at e x p o s u r e s  
b e lo w  360 s e c o n d s  in i s o la t e s  of b o th  ty p e s .
Long e x p o s u r e s  to ir r a d ia t io n  for  360 s e c o n d s  have b e e n  
found to have an in h ib it ive  e f f e c t  on sp o ru la t io n  (T ab le  XIII)-. In the  
c a s e  of the dark i s o la t e  w hich  is  o r d in a r i ly  l e s s  sp o r u la t in g ,  a good  
sp o r u la t io n  w as in d u ced . The r e s u l t s  ob ta in ed  in the study g e n e r a l ly  
c o r r e sp o n d e d  with th o se  obta ined  by  P u rv is  and W arick  (1 9 0 7 ) ,  P o r te r  
and B o c k s t a h le r  (1928) and H u tch in son  and N ew ton  (1930) dea lin g  with  
a w ide v a r ie t y  o f s p o r e s .
The r e s u l t s  in  Table  XIV, do not r e f l e c t  any  d if fe r e n c e  with  
r e g a r d  to  g e r m in a t io n  o f s p o r e s  am ong l ig h t  and dark  type of i s o la t e s  
s tu d ied  a f ter  20 h ou rs  of in cu b ation  at 2 3 °  C. The h ig h e s t  p e r ce n ta g e  
of g e r m in a t io n  (64 -  72%) in d if fe re n t  i s o la t e s  w as obta ined  at 100% 
r e la t iv e  h u m id ity , and a s l ig h t  change of h u m id ity  r e d u c e d  g e r m in a t io n  
c p n s id e r a b ly .  T here  w as p r a c t i c a l ly  no g e r m in a t io n  at 90 p er  cen t  
r e la t iv e  h u m id ity . The r e s u l t s  ob ta in ed  w e r e  of a s im i la r  nature  to  
th o se  o f  C haw dhury (1 9 3 7 ) , who s tu d ied  the e f fe c t  of r e la t iv e  h u m id ity  
on a n u m b er  of Indian fungi in c lu d in g  P h y s a lo s p o r a  tu c u m a n e n s is  Speg.  
( C o l le to tr ic h u m  fa lc a tu m  W ent). He a ls o  ob ta in ed  the h ig h e s t  p e r c e n t ­
age of g e r m in a t io n  of P h y s a lo s p o r a  tu c u m a n e n s is  s p o r e s  at 100 p er  cen t  
r e la t iv e  h u m id ity .  H o w e v er ,  he obta ined  o n ly  3 0 .5  p e r  cen t g e r m in a t io n  
at 100 per  c e n t  r e la t iv e  h u m id ity  a fter  16 h ou rs  at 2 5 °  C. The h igh er
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fig u re  in the p r e s e n t  stud y  m a y  be a ccou n ted  for by the u se  of a s t i m u ­
la n t  to induce g e r m in a t io n .
T a b le s  XV, XVI, XVII and XVIII sh o w  the r e s u l t s  of the e f fe c t  
of c e r ta in  e n v ir o n m e n ta l  fa c to r s  on the d e v e lo p m en t of p e r i th e c ia  in  a 
l ig h t  i s o la t e  L 2 and a dark  i s o la t e  D 3. The r e s u l t s  ob ta in ed , in  a l l  
c a s e s ,  d id not in d ica te  any a p p re c ia b le  d if fe r e n c e  b e tw e en  th e s e  two  
i s o l a t e s  w ith  r e g a r d  to  p e r i th e c ia  fo r m a t io n  under d if feren t  co n d it io n s .  
The am ount of w a ter  in  t e s t  tu b es  w as found to  p lay  an im p o rta n t part  
in  the fo rm a tio n  of p e r i th e c ia .  V ery  lo w  and v e r y  h igh  am ou nts  of  
w a ter  w e r e  not fa v o r a b le .  F u r th e r ,  i t  w as n o t ice d  that the n u m ber  
of p e r i th e c ia  in  a r e a s  n ea r  the w ater  su r fa c e  w as la r g e  as c o m p a r e d  
to a r e a s  aw ay  fr o m  it .  The fa v o r a b le  e f f e c t  of m o is tu r e  con ten t at 
p a r t ic u la r  l e v e l  o r  l e v e l s  and a ls o  the r e a s o n s  for  d ev e lo p m en t of  
la r g e  n u m b er  o f p e r i th e c ia  n ea r  the w a ter  s u r fa c e ,  h o w e v e r ,  w e re  not  
a s c e r t a in e d .  The fa i lu re  of fo r m a tio n  of p e r i th e c ia  on r inds  or ro o ts  
m a y  be due to v e r y  poor g ro w th  of the fungus on th e s e  p a r ts .  The d e ­
v e lo p m e n t  of p e r i th e c ia  in  la r g e  n u m b ers  on y e l lo w  (m a tu re )  or  d ry  
l e a f  b la d e s  in  c o n tr a s t  to th e ir  s c a n ty  d e v e lo p m e n t  on g r e e n  l e a f  b la d es  
can  be a cco u n te d  for by the d if fe r e n c e  in  the n u tr it ive  va lue  of the dry  
and g r e e n  l e a f  b la d e s .  It i s  b a s e d  on the r e s u l t s  of p a s t  s tu d ie s  (L ing  
and M a, 1950) w h ich  le d  to  the c o n c lu s io n  that the p e r i th e c ia  d e v e lo p e d  
on the m e d ia  w h ic h  w e r e  l e s s  n u tr i t iv e .  The h ig h e s t  p rod u ct ion  of  
p e r i th e c ia  w as in  white l ig h t  and d a r k n ess  and the l e a s t  in blue l ig h t .
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It i s  in te r e s t in g  to note h ere  that in the s tu d y  dea lin g  w ith  the e f fe c t  of 
l ig h t  on v e g e ta t iv e  grow th  (T able  X ), the b e s t  g ro w th  w as obta ined  a ls o  
in  white l ig h t  and d a rk n ess  and p o o r e s t  in b lu e  l ig h t  of s h o r t  wave  
le n g th . T h is  le a d s  to  the fa c t  that the fo rm a tio n  o f p e r ith e c ia  c o r ­
r e sp o n d e d  to the m y c e l ia l  grow th . T h ese  r e s u l t s  ob ta ined  in  r e g a r d  to  
p e r i th e c ia  fo rm a tio n  c o n f ir m e d  th o se  obta ined  by L ing and Ma (1950) in  
m an y  r e s p e c t s .
P e r i t h e c ia  w e r e  p ro d u ced  fr o m  a s in g le  sp o r e  l ig h t  i s o la te  or  
dark i s o la te  grow ing  th em  s e p a r a t e ly  or to g e th e r  on s t e r i l i z e d  s u g a r ­
cane l e a f - p i e c e s  and the a s c o s p o r e s  w ere  i s o la t e d  a n u m ber  o f t im e s  
fr o m  one a s c u s  as w e l l  as  a s c i  of the sa m e  p e r ith e c iu m . A ll  s in g le  
sp o r e  c u ltu r e s  thus ob ta in ed  fr o m  the sa m e  p e r i th e c iu m  a lw a y s  w e re  
id e n t ic a l  w ith  e a c h  o th e r ,  that i s ,  a  dark i s o la t e  d e v e lo p e d  p e r i th e c iu m  
w h ich  con ta in ed  a s c o s p o r e s  g iv in g  r i s e  to d a rk  i s o la t e  o n ly  and the l ig h t  
i s o la t e  a l s o  d ev e lo p e d  p e r ith e c iu m  w hich  c o n ta in ed  a s c o s p o r e s  g iv in g  
r i s e  to  l ig h t  i s o la t e s  on ly  thus co n firm in g  the p r e v io u s  f in d in gs  
(C a r v a ja l ,  1943). It w as a ls o  in te r e s t in g  to  note that s e v e r a l  i s o la t e s  
u s e d  fo r  p e r i th e c ia  fo r m a tio n  did not b eh ave  the sa m e  w ay . S om e o f the 
i s o la t e s  p rod u ced  p e r i th e c ia  w hich  w ere  fe w  in  n u m ber  or m o s t ly  
s t e r i l e ,  as  found in  s o m e  i s o la t e s  o f  G lo m e r e l la  (W h e e le r ,  1947). The  
r e s u l t s  obta ined  in  the e x p e r im e n t  s u g g e s t e d  that the l ig h t  and the dark  
b r e d  t r u e .  N e v e r t h e l e s s ,  fu rth er  d e ta i led  g e n e t ic  and c y to lo g ic a l  i n ­
v e s t ig a t io n s  m u st  be con tin u ed  b e fo r e  a r r iv in g  at a d efin ite  c o n c lu s io n
a s  to the or ig in  of the l ig h t  and dark i s o l a t e s .
The su r v iv a l  c a p a c ity  (T ab le  XIX) o f both  the l igh t and dark  
i s o la t e s  was found to be lo n g e r  in  the s t e r i l i z e d  s o i l .  T h is  r e s u l t  was  
in  a g r e m e n t  w ith  the fin d in gs of Chona (1950) who d ea lt  w ith a l ig h t  
i s o la t e .
The r e s u l t s  ob ta in ed , h o w e v e r ,  s u g g e s t  con tin u ation  of s im i la r  
study to d e te r m in e  the s u r v iv a l  o f  p e r i th e c ia  in the s o i l .  The s u r v iv a l  
c a p a c ity  o f  the fungus in the s o i l  m a y  not depend on fr e e  s p o r e s  on ly  
s in c e  p e r i th e c ia  m a y  su r v iv e  for  lo n g e r  p e r io d s .
Stud ies  of the e f f e c t  of e n v ir o n m e n t  on the d ev e lo p m e n t  of the 
d is e a s e  in  s ta lk s  in d ic a te d  that the dry  con d it ion s  favor  the d e v e lo p m e n t  
of the d i s e a s e .  The dark i s o la t e ,  h o w e v e r ,  was l e s s  p ath ogen ic  than  
the l ig h t  i s o la te  under a l l  l e v e l s  o f  m o is t u r e .  T r e a tm e n ts  in  w h ich  
v e r y  h igh  m o is tu r e  con d it ion s  p r e v a i le d  p r e v en te d  the d e v e lo p m e n t  of  
the d i s e a s e .  The h igh er  the m o is tu r e  l e v e l ,  the lo w e r  w as the ex ten t  
of d i s e a s e  d e v e lo p m en t .  The d e v e lo p m e n t  of the d i s e a s e  to a l e s s e r  
d e g r ee  at h igher m o is tu r e  l e v e l s  m a y  be a ttr ib u ted  to the la c k  of a e r a ­
tion  c a u s e d  by h igh  w a ter  con ten t or m a y  be due to a  r e su m p tio n  of  
grow th  by the s e e d  p ie c e  thus in c r e a s in g  r e s i s t a n c e  to  in v a s io n  b y  the  
fu ngus. T h ese  r e s u l t s  a re  in  a g r e e m e n t  w ith  a p r e l im in a r y  study by  
Steib  (1949) F r o m  the r e s u l t s  thus ob ta in ed  it  m a y  be co n c lu d ed  that  
fo llo w in g  planting of s u g a r c a n e ,  i f  th e r e  i s  drought, th ere  i s  the p o s s i ­
b i l i ty  o f m o r e  d i s e a s e  d e v e lo p m e n t  than  if  th e r e  i s  am p le  p r e c ip ita t io n .
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It fu rth er  su p p o rted  the f in d in gs that the d e te r io r a t io n  of s e e d  p ie c e s  
w h ich  u s u a l ly  o c c u r s  in  w et w ea th er  m ig h t  not be due to  r e d - r o t  but 
Ph ytop h th ora  rot (S te ib  and C hilton , 1950) cap ab le  o f  ca u s in g  d e t e r i o r a ­
t io n  at h igh er  m o is tu r e  l e v e l s .
F r o m  the r e s u l t s  of the v ir u le n c e  c o m p a r is o n  t e s t s  (A bbott, 
1933; 1938 and R afay , 1950) in  the p a s t ,  i t  w as e s t a b l i s h e d  that the l ig h t  
i s o l a t e s ,  in g e n e r a l ,  w e r e  m o r e  v ir u le n t  than the dark i s o la t e s  a lth ou gh  
s o m e  i s o l a t e s ,  i r r e s p e c t iv e  of l ig h t  or  dark  r a c e s ,  w e re  found to be  
v ir u le n t  on ly  on c e r ta in  su g a r ca n e  v a r ie t i e s  (A bbott, 1938). The r e ­
s u lt s  o f  the study  of the lo n g itu d in a l s p r e a d  of sy m p to m s  a re  in  a g r e e ­
m en t  w ith  the v ie w s  of Abbott (1938) that c e r ta in  i s o la t e s  o f  both  l ig h t  
and dark r a c e s  do not sh o w  c o n s is t e n t  d i f f e r e n c e s  b e tw e e n  the tw o r a c e s  
on a l l  v a r i e t i e s .  The r e s u l t s  o b ta in ed , h o w e v e r ,  do not d isp r o v e  the  
c o m m o n ly  b e l ie v e d  fa c t  that the l ig h t  i s o la t e s  a re  m o r e  v iru le n t  than  
the dark o n es  but at the s a m e  t im e ,  the data ob ta in ed  a re  not s u f f ic ie n t  
to  su p p ort it .
SUM M ARY
1. The fungus P h y s a lo s p o r a  tucum anensi's  S p eg . ( C o lle to tr ic h u m
fa lc a tu m  Went) ca u s in g  the r e d - r o t  d i s e a s e  of su g a rca n e  o c cu rs  
in two d if fe re n t  m o r p h o lo g ic a l  ty p es  c o m m o n ly  known as l ig h t  and  
dark  s t r a in s .
2. S tu d ie s  o f  the grow th  o f  the i s o la t e s  in d ic a te s  that the ra te  of grow th
on f iv e  d if feren t  m e d ia  u s e d  had no c o r r e la t io n  w ith  the m o rp h o lo g i  
c a l  d i f f e r e n c e s  su c h  as  the l igh t  and dark  c o lo r  of m y c e l ia .
3. The l ig h t  i s o la t e s  gave  so m ew h a t b e tte r  grow th  on a c id ic  m e d ia  and
the d ark  g r e w  b e tter  on a lk a lin e  m e d ia .
4 . The dark  i s o la t e s  g r e w  b e t te r  in  g lu c o s e  and la c t o s e  m e d ia  than did
the l ig h t  o n es  and th e y  a l s o  sh ow ed  m a r k e d  d if feren ce  fr o m  the  
l ig h t  o n es  in  th e ir  u s e  of n itro g e n  fr o m  a m m o n iu m  su lfa te .
5. The l ig h t  i s o la t e s  g r e w  s lo w e r  than the dark on es  at h ig h er  te m p er a -
o
tu r e ,  su ch  as  33 C and a b o v e , but f a s t e r  at lo w e r  t e m p e r a t u r e s ,  
s u c h  as 2 0 °  C and b e lo w .
6 . The th e r m a l  death po in t o f  co n id ia  of l ig h t  and dark i s o la t e s  s tu d ied
w as the s a m e .  It w as  at 5 2 °  C for e x p o su r e  p e r io d s  of f ive  m in u tes
7. White l ig h t  and d a r k n ess  w e re  found to be eq u a lly  su itab le  for the
g ro w th  of l ig h t  and dark  i s o l a t e s .
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8 . In a s tud y  of tw o lig h t  and two dark  i s o l a t e s ,  the l ig h t  i s o la t e s  had
a m o re  p r o l i f ic  prod u ct ion  of s p o r e s  than the dark i s o l a t e s .
9 . The s p o r e s  of a l ig h t  and a dark  is o la te  s tu d ied  sh ow ed  ap p a ren t ly
a co n sta n t per  cen t  k il l in g  by  u l t r a v io le t  ra d ia tio n . The u l t r a ­
v io le t  ra d ia t io n  c a u s e d  m u ta tion s  of the l igh t  i s o la t e  to the dark  
i s o la te  but not of the dark to the l igh t i s o la t e .  The r e p ea ted  e x ­
p e r im e n ts  gave  the s a m e  r e s u l t s .
10. U ltr a v io le t  ra d ia t io n  for 120 to 240 s e c o n d s  en h an ced  sp o ru la t io n
o f  the dark  i s o la t e .
11. Two l ig h t  and two dark i s o la t e s  t e s t e d  did not sh ow  any d if feren ces
w ith  r e g a r d  to  the g e r m in a t io n  of s p o r e s  at v a r io u s  r e la t iv e  
h u m id i t ie s .  The h ig h e s t  p e r ce n ta g e  of g e r m in a t io n  w as ob ta ined  
at 100 p er  cen t r e la t iv e  h u m id ity .
12. A ll  the i s o la t e s  un der  study  w e re  found to b r e e d  tr u e .
13. In tw o i s o la t e s  s tu d ied , one l ig h t  type and one dark  typ e , th ere  w as
no a p p re c ia b le  d i f fe r e n c e s  in  the fo rm a tio n  of p e r i th e c ia  under  
d if fe re n t  e n v ir o n m e n ta l  c o n d it io n s .  The h ig h es t  n u m b er  o f p e r i ­
th e c ia  w as fo r m e d  w ith  dry  l e a f  b la d e s ,  6 m l .  of w ater  per t e s t  
tu b e , a range of te m p e r a tu r e  fr o m  2 3 °  to 2 7 °  C, and under w hite  
l ig h t  and d a r k n e s s .
14. The s u r v iv a l  t im e  of s p o r e s  of a l ig h t  and a dark i s o la te  w as lo n g e r  
in  s t e r i l e  s o i l  than in  n o n - s t e r i l e  s o i l .  In the n o n - s t e r i l e  s o i l ,  the 
s p o r e s  of the l ig h t  i s o la t e  s u r v iv e d  for a so m e w h a t  lo n g e r  p e r io d .
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15. H igh  m o is tu r e  l e v e l s  of s o i l s  w ere  not fa v o r a b le  for  in fe c t io n  by  
. the i s o la t e s  of P h y s a lo s p o r a  tu cu m a n e n s is  Speg.
16. The l ig h t  i s o la t e s  and the dark i s o la t e s  did not sh o w  c o n s is t e n t  
d if fe r e n c e s  in  the lon g itu d in a l s p r e a d  of the d i s e a s e  on a l l  v a r ie t ie s  
of su g a rca n e  te s t e d .
17. The p r e s e n c e  of the ratoon stun ting  v iru s  in su g a r ca n e  s ta lk s  did 
not ap p ear  to  in f lu en ce  in fec t io n  by P h y s a lo s p o r a  tu cu m a n e n s is  
S p eg .
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